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WASHINGTON  MEETING 

PROGRAM 

Tuesday,  May  4 
8.15  p.m. 

Reception  of  the  members  by  the  Washington  Society  of  Engi- 
neers, at  the  New  Willard  HoteL     Music  by  the  Marine  Band. 

Address  of  welcome  by  Hon.  Henry  B.  F.  Macfarland,  President  of 
the  Board  of  District  Commissioners. 

Response  by  Mr.  Jesse  M.  Smith,  President  of  the  Society. 

Wednesday,  May  6 

PROFESSIONAL  SESSION,   9.15     A.  M. 

Business  Meeting.  Reports  of  Committees,  Tellers  of  Election, 
New  Business. 

A  Unique  Belt  Conveyer,  Ellis  C.  Soper. 

Automatic  Feeders  for  Handling  Material  in  Bulk,  C.  Kem- 
ble  Baldwin. 

A  New  Transmission  Dynamometer^,  Prof.  Wm.  H.  Kenerson. 

Polishing  Metals  for  Examination  with  the  Microscope,^ 
Albert  Kingsbury. 

Sight-seeing  automobile  trips  about  the  city  at  10  a.m.  for  the 
ladies. 

^To  be  presented  by  title  or  in  brief  abstract.  ' 
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WEDNESDAY    AFTERNOON 


Special  exhibition  drill  by  troops  at  Fort  Myer,  2.30  p.m. 
Take  special  cars  in  front  of  the  New  Willard  Hotel  at  1  p.m.  for  the 
trip  to  Fort  J\Iyer. 

Trips  to  nearby  points  of  interest  at  4  p.m. 

WEDNESDAY,    8.15    P.M. 

Illustrated  lecture  by  F.  H.  Newell,  Director  of  the  Reclamation 
Service,  on  "  Homc-Mal'dng  in  the  Arid  Regions." 
Ladies  are  specially  invited. 

Thursday,  May  6 

THE   GAS  POWER  SECTION   9.15  A.   M. 

Report  of  the  Standardization  Committee. 

Marine  Producer  Gas  Power,  C.  L.  Straub. 

Operation  of  a  Small  Producer  Gas  Power  Plant,  C.  W.  Obert. 

A  Method  of  Improving  the  Efficiency  of  Gas  Engines,  Thos. 
E.  Butterfield. 

Offsetting  Cylinders  in  Single-Acting  Engines,  Prof.  T.  M. 
Phetteplace. 

Trips  for  the  ladies  to  points  of  interest  in  and  about  the  city  at 
10  a.m. 

THURSDAY,    2.30    P.M. 

Reception  of  members  and  guests  by  President  Taft  in  the  East 
Room  of  the  White  House. 

THURSDAY,   8.15  P.M. 

Address,  "The  Engineer  in  the  Navy,"  by  Rear-Admiral  Geo.  W. 
Melville,  Retired. 

Address,  "  Rear- Admiral  Melville's  Service  to  the  Engineering  Pro- 
fession and  to  the  Nation,"  and  presentation  to  the  historical  series  of 
paintings  in  the  National  Museum  of  a  portrait  of  Rear- Admiral  Mel- 
ville; by  Walter  M.  McFarland  of  Pittsburg,  Pa.  Acceptance  of  the 
portrait  by  Dr.  C.  D,  Walcott,  representing  the  Nation. 

Ladies  are  specially  invited. 

Friday,  May  7 

professional  SESSION,   9.15  A.  M. 

Small  Steam  Turbines,  Geo.  A.  Orrok. 
Oil  Well  Tests,  Edmund  M.  Ivens. 
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Safety  Valve  Discussion,  Continued  from  the  February  meeting 
in  New  York. 

Specific  Volume  of  Saturated  Steam/  Prof.  C.  H.  Peabody. 

Some  Properties  of  Steam/  Prof.  R.  C.  H.  Heck. 

A  New  Departure  in  Flexible  Staybolts/  H.  V.  Wille. 

Trips  for  tlie  ladies  to  points  of  interest  in  and  about  the  city  at  10 
a.m. 

FRIDAY    afternoon 

Trip  b}^  boat  to  Mount  Vernon. 

LOCAL  COMMITTEE 

Walter  A.  McFarland,  Chairman 

GusTAv  A\TiES  Hervey  S.  Knight 

Albert  H.  Buckler  Walter  R.  Metz 

Charles  Eli  Burgoon  George  L.  Morton 

Howard  A.  Coombs  Harold  P.  Norton 

James  B.  Dillard  Willard  L.  Pollard 

William  A.  E.  Doying  John  E.  Powell 

Charles  E.  Foster  Alfred  H.  Raynal 

H.  A.  GiLLis  William  B.  Ridgely 

James  Hamilton  W.  E.  Schoenborn 

Frederick  E.  Healy  George  R.  Simpson 

Herman  Hollerith  Charles  F.  Sponsler 

J.  A.  Holmes  Lucien  N.  Sullivan 

Arthur  E.  Johnson  William  B.  Upton 

Frank  B.  King  Charles  V.  C.  Wheeler 

Earl  Wheeler 

Committee  of  the  Washington  Society  of  Engineers 

W.  A.  McFarl.\nd,  Mem.  Am.  Soc.  M.  E.,  Chairman 

A.  E.  Johnson,  Mem.  Am.  Soc.  M.  E. 

A.  H.  Raynal,  Mem.  Am.  Soc.  M.  E. 

W.  E.  Schoenborn,  Mem.  Am.  Soc.  M.  E. 

W.  B.  Upton,  Mem.  Am.  Soc.  M.  E. 

H.  W.  Fuller,  Mem.  Am.  Inst.  E.  E. 

John  C.  Hoyt,  Mem.  Am.  Soc.  C.  E.,  Secretary,  Washington  Soc.  Engrs. 

D.  S.  Carll,  Mem.  Am.  Soc.  C.  E.,  President,  Washington  Soc.  Engrs. 

Chairman  of  the  Ladies  Committee,  Mrs.  James  Loring  Lusk 
the  university  club  op  WASHINGTON 

The  University  Club  of  Wasliington,  through  Procter  L.  Dougherty, 
Chairman  of  the  House  Committee,  has  extended  to  tlie  Society  an 
invitation  to  make  the  club  the  headquarters  for  committee  meetings, 
informal  receptions,  and  a  general  bureau  of  information.  The 
Society  wishes  to  express  its  appreciation  of  this  courtesy. 

^  To  be  presented  by  title  or  in  brief  abstract. 
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CONVENTION  NOTES 


The  reception  of  the  members  and  guests  by  President  Taft  will 
be  one  of  the  pleasant  functions  of  the  convention. 

The  address  by  F.  H.  Newell,  Director  of  the  U.  S.  Reclamation 
Service,  will  be  of  extraordinary  interest.  Mr.  Newell  is  in  a  position 
to  command  a  large  view  of  this  important  branch  of  the  govern- 
ment's work  of  reclamation  and  the  lecture  will  be  illustrated  bj^ 
colored  lantern  slides  showing  marvelous  transformations  of  arid 
regions  into  beautiful  and  fertile  home-sustaining  lands. 

It  is  possible  that  during  the  convention  there  may  be  an  ascension 
of  a  dirigible  balloon  and  an  aeroplane.  If  so,  the  Secretary  of  War, 
Mr.  J.  M.  Dickinson,  proposes,  provided  the  conditions  are  favorable, 
to  invite  the  members  and  guests.  Those  who  attended  the  addresses 
on  aeronautics  at  the  time  of  the  annual  meeting,  given  through  the 
courtesy  of  Brig-Gen.  Allen,  Major  Geo.  O.  Squier  and  Lieut.  Frank 
P.  Lahm,  and  saw  the  wonderful  moving  pictures  of  dirigible  bal- 
loons and  aeroplanes  in  flight,  will  appreciate  in  a  measure  the 
opportunity  of  witnessing  an  actual  ascension. 

A  very  interesting  feature  will  be  two  exhibition  drills  which  will 
be  given  by  the"  United  States  troops  stationed  at  Fort  Myer.  These 
will  be  held  in  the  open  field  or  in  the  riding  hall,  according  to  the 
condition  of  the  weather,  so  that  in  any  event  the  convention  guests 
may  depend  upon  seeing  the  drill  in  comfort. 

On  Thursday  evening,  the  address  by  Past-President  Geo.  W. 
Melville,  Rear- Admiral,  Retired,  and  former  Engineer-in-Chief  of  the 
Navy,  on  "The  Engineer  in  the  Navy,"  will  undoubtedly  prove 
highly  interesting,  as  Rear-Admiral  Melville  is  a  noted  speaker. 
Upon  this  occasion  there  will  be  presented  to  the  historical  series  of 
paintings  in  the  National  [Museum  a  portrait  of  Rear-Adm.  Mel- 
ville, painted  by  Sigismond  de  IvanoWski.  It  will  be  received  for  the 
Nation  by  Dr.  Chas.  D.  Walcott,  Secretary  of  the  Smithsonian  Institu- 
tion. The  portrait  is  presented  by  friends  and  admirers  of  Rear- 
Admiral  Melville. 

It  is  unnecessary  to  emphasize  the  pleasure  and  instruction  of 
visiting  the  places  of  interest  in  Washington.  That  Congress  will  be 
in  session  at  that  time  is  an  added  attraction. 
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HOTEL  ACCOMMODATIONS 

Members  should  bear  in  mind  that  Congress  will  be  in  session  at 
the  time  of  the  convention,  and  also  that  this  is  the  most  delightful 
season  of  the  year  in  Washington.  As  a  result  the  city  has  many 
visitors  and  a  consequent  large  demand  on  its  hotel  accommoda- 
tions. Members  expecting  to  attend  the  convention  should  engage 
rooms  immediately. 

The  letter  from  the  hotel  assigning  rooms  should  be  preserved,  and 
presented  at  the  time  the  rooms  are  demanded.  Two  days  before 
arriving  in  Washington,  the  hotel  should  be  notified  of  the  exact 
time  of  expected  arrival,  referring  to  the  letter  engaging  rooms.  If 
one  hotel  cannot  provide  satisfactory  accommodations,  immediate 
correspondence  with  others  will  doubtless  secure  what  is  desired. 


Hotel  Rates  for  Spring  Meeting 
Minimum  Rates 

AT  Was 

HINGTON 

American  Plan 

Europe. 

IN  Plan 

WITHOUT  BATH 

WITH 

BATH 

WITHOlrT  BATH 

WITH 

BATH 

Single 
Room 

Double 
Room 

Single 
Room 

Double 
Room 

Single 
Room 

Double 
Room 

Single 
Room 

Double 

Room 

New  Willard  .... 

$2.50 
2.50 
2.00 
2.00 

$4.00 
4.00 
4.00 
3.00 

$3.50 
3.00 
4.00 
3.00 

$5.00 

Shoreham 

Arlington 

$5.00 
5.00 

$9.00 
10.00 

$5.50 
7.00 

$10.00 
12.00 

5.00 
6.00 
4.00 

Ebbitt 

2.50 

5.00 

4.50 

7.00 

1.50 

2.00 

2.50 

3.50 

4.00 
3.00 
3.50 

7.00 
6.00 
6.00 

4.50 
4.00 
4.00 

9.00 
8.00 
9.00 

Normandy 

1.50 

3.00 

3.00 

4.00 

If  baggage  is  to  be  sent  by  express,  checks  can  be  given  the  baggage 
expressman  immediately  upon  arrival.  Trolleys  leave  the  station 
for  all  hotels.  Automobile  passengers  are  allowed  only  a  very  small 
steamer  trunk;  carriage  passengers,  one  medium-sized  trunk.  Extra 
baggage  can  be  managed  by  taking  as  many  carriages  as  there  are 
trunks,  or  by  sending  some  pieces  by  baggage  express.  The 
traveler  wishing  an  automobile  or  carriage  should  give  his  checks  to 
the  uniformed  porter  immediately  upon  arrival  as  no  carriages  will 
be  assigned  to  travelers  until  their  baggage  has  first  been  brought  to 
the  platform  in  front  of  the  station. 
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RAILROAD  TRANSPORTATION  NOTICE 

Arrangements  for  hotel,  tii^nsportatioii  and  Pullman  car  accommo- 
dations should  be  made  personall}'. 

Special  concessions  have  been  secured  for  members  and  guests 
attending  the  Spring  Meeting  in  Washington,  May  4-7,  1909. 

The  special  rate  of  a  fare  and  three-fifths  for  the  round  trip,  on 
the  certificate  plan,  is  granted  when  the  regular  fare  is  75  cents  and 
upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
April  30  and  May  6  inclusive.  At  the  same  time  request 
a  certificate,  not  a  receipt.  This  ticket  and  certificate 
should  be  secured  at  least  half  an  hour  before  the  depart- 
ure of  the  train. 

b  Certificates  are  not  kept  at  all  stations.  Find  out  from 
your  station  agent  whether  he  has  certificates  and  through 
tickets.  If  not,  he  will  tell  3^ou  the  nearest  station  where 
they  can  be  obtained.  Buy  a  local  ticket  to  that  point, 
and  there  get  your  certificate  and  through  ticket. 

c  On  arrival  at  the  meeting,  present  your  certificate  to  S. 
Edgar  Whitaker,  office  manager  at  the  Headquarters.  A 
fee  of  25  cents  will  be  collected  for  each  certificate  vali- 
dated.    No  certificate  can  be  validated  after  May  7. 

d  An  agent  of  the  Trunk  Line  Association  will  validate  cer- 
tificates May  5,  6  and  7.  No  refund  of  fare  will  be  made 
on  account  of  failure  to  have  certificate  validated. 

e  One  hundred  certificates  must  be  presented  for  validation 
before  the  plan  is  operative.  This  makes  it  important  to 
ask  for  certificate,  and  to  turn  it  in  at  Headquarters. 
Even  though  you  may  not  use  it  this  will  help  others  to 
secure  the  reduced  rate. 

/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  May  11,  on  the  same  route  over 
which  the  purchaser  came,  at  three-fifths  the  rate. 

This  special  rate  is  granted  only  for  the  following: 
The  Trunk  Line  Association: 

All  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and 
Maryland;  also  that  portion  of  West  Virginia  and  Virginia  north  of  a 
line  running  through  Huntington,  Charleston,  White  Sulphur  Springs, 
Charlottesville,  and  Washington,  D.  C. 
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The  Central  Passenger  Association: 

The  poi-tion  of  Illinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the  por- 
tion of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River, 
Salamanca  and  Buffalo,  and  that  portion  of  Michigan  between  Lakes 
Michigan  and  Huron. 

The  New  England  Passenger  Association,  except  via  Bangor  and 
Aroostook  R.  R.,  Rutland  R.  R.,  N.  Y.  0.  &  W.  R.  R.,  Eastern  Steam- 
ship Co.  and  MetropoUtan  Steamship  Co.: 

Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island  and  Con- 
necticut. 

The  Western  Passenger  Association  offer  revised  one-way  fares 
to  Chicago,  Peoria  and  St.  Louis;  these  three  places  are  points  in  the 
Central  Passenger  Association,  and  from  these  points  travellers  should 
pin-chase  round  trip  tickets,  in  the  manner  outlined  in  the  preceding 
paragraphs : 

North  Dakota,  South  Dakota,  Nebraska,  Kansas,  Colorado  east  of  a  north 
and  south  line  through  Denver,  Iowa,  Minnesota,  Wisconsin,  Missouri 
north  of  a  line  through  Kansas,  Jefferson  City  and  St.  Louis,  Illinois 
jiorth  of  a  line  from  Chicago  through  Peoria  to  Keokuk. 

The  Eastern  Canadian  Passenger  Association: 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie, 
Sarnia  and  Windsor,  Ont. 

TRAIN  SCHEDULES 

The  following  trains  are  suggested,  via  Pennsylvania  Railroad. 

Lv.  New  York,  Tuesday,  May  4 10.55  a.m. 

Lv.  North  Philadelphia  1.00  p.m. 

Lv.  Baltimore   3.12  p.m. 

Ar.  Washington 4.15  p.m. 

Lv.  New  York,  Wednesday,   May  5    12.10  a.m. 

Lv.   Baltimore    6.01  a.m. 

Ar.  Washington,  Wednesday,  May  5 7.12  a.m. 

Lv.  St.  Louis,  Monday,  May  3 12.45  p.m. 

Lv.  Chicago    3.15  p.n>. 

Lv.  Indianapolis    7.20  p.m. 

Lv .  Detroit    8.05  p.m. 

Lv.    Cincinnati    9.00   p.m. 

Lv.   Cleveland    11.30   p.m. 

Lv.  Columbus, Tuesday,  May  4 12.45   a.m. 

Lv.  Pittsburg    7.30  a.m. 

Lv.  Baltimore 5.15  p.m. 

Ar.   Washington     8.22  p.m. 


GENERAL  NOTES 

C.  J.  H.  Woodbury,  Mem.  Amer.  Soc.  M.  E.,  was  appointed 
Honorary  Vice-President  to  represent  the  Society  at  the  annual 
meeting  of  the  National  Conference  on  Standard  Electrical  Rules 
held  March  26. 

HOTEL    ACCOMMODATIONS 

We  wish  to  urge  again  the  importance  of  definitely  engaging  rooms 
at  the  hotels  in  Washington  well  in  advance  of  the  Spring  Meeting. 
Congress  will  be  in  session  and  Washington  will  have  many  visitors, 
so  that  the  capacity  of  the  hotels  will  be  severely  taxed.  Members 
should  make  their  reservations  as  early  as  possible  and  so  secure 
comfortable  accommodations. 

STUDENT    BRANCHES 

The  following  Student  Branches  have  been  admitted  to  Affiliate 
Membership  in  The  American  Society  of  Mechanical  Engineers: 

Stevens  Engineering  Society;  Polytechnic  Institute  Student  Sec- 
tion; Armour  Institute  of  Technology  Section;  Stanford  Mechanical 
Engineering  Association;  Palo  Alto  Student  Section;  State  Agricul- 
tural College  of  Oregon  Student  Section;  Purdue  University  Student 
Section;  University  of  Kansas  Student  Section;  Cornell  University 
Student  Section. 


DISTRIBUTION    OF    PAST   ISSUES    OF    PROCEEDINGS 

The  Executive  Committee  of  the  Society  has  approved  the  reduc- 
tion of  the  stock  of  past  issues  of  the  Proceedings  with  the  exception 
of  50  copies  of  each  number  published  previous  to  January  1907, 
and  75  copies  of  each  number  published  during  1907. 

After  withholding  these  copies  for  the  future  demand,  the  balance 
of  the  stock,  in  accordance  with  the  order  of  the  Executive  Committee, 
is  to  be  distributed  at  the  discretion  of  the  Secretary  among  the  Stu- 
dent Branches  of  the  Society. 
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THE   GAS   POWER  SECTION 

The  Gas  Power  Section  during  the  last  three  months  has  been 
expanding  its  organization  and  development  work.  The  Gas  Power 
Membership  Committee,  with  a  largely  increased  personnel,  has 
organized  an  auxiliary  committee  with  members  in  the  larger  cities. 
Pamphlets  and  circulars  illustrative  of  the  purpose  and  activities  of 
the  Section  have  been  prepared  and  circulated,  and  the  Section 
membership  shows  a  steadily  increasing  growth.  In  its  work  the 
committee .  has  found  many  engineers  eligible  to  membership  in  The 
American  Society  of  Mechanical  Engineers  and  proper  membership 
blanks  have  been  sent  to  them. 

The  Gas  Power  Meetings  Committee  has  secured  the  following 
papers  for  the  Washington  Meeting: 

Offsetting  Cylinders  in  Single- Acting  Engines,  by  Prof.  T.  M. 

Phetteplace   (published  in  the  February  1909  Journal). 
A  Method  of  Improving  the  Efficiency  of  Gas  Engines,  by  Thos. 

E.  Butterfield  (published  in  the  April  1909  Journal). 
A  Comparison  of  Steam  and  Gas  Power  for  Marine  Service,  by 

C.  L.  Straub  (published  in  this  issue). 
An  Operating  System  for  a  Small  Producer  Gas  Power  Plant, 

by  C.  W.  Obert  (published  in  this  issue). 

The  Gas  Power  Literature  Committee  has  organized  and  is  now  at 
work.  Arrangements  are  being  made  for  the  publication  of  the  lists, 
abstracts  and  reviews  so  that  they  may  be  used  to  the  best  advantage 
of  the  profession. 

The  Gas  Power  Installations  Committee  has  been  busy  preparing 
the  forms  for  use  in  obtaining  and  recording  the  particulars  of  gas 
power  installations.  Tliese  forms  will  shortly  be  ready  to  go  out  and 
it  is  hoped  that  a  partial  report  of  the  extent  of  the  use  of  gas  power 
may  be  ready  for  publication  at  the  May  Meeting. 

The  Gas  Power  Plant  Operations  Committee  has  organized  and 
will  devote  its  attention  during  the  current  year  to  representative 
plants  from  which  full  and  accurate  records  may  be  obtained. 
Suitable  forms  will  be  prepared  for  the  operating  records  of  such 
plants  and  will  be  submitted  to  the  Section  for  criticism.  Several 
owners  of  gas  power  plants  have  asked  the  committee  for  copies  of 
these  forms  in  order  that  they  may  keep  their  own  records  in  the  best 
manner  possible. 

The  stated  meeting  of  the  Gas  Power  Executive  Committee  was 
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held  at  the  Engineers'  Club  on  the  evening  of  April  6.  On  the  invi- 
tation of  Fred  R.  Low,  Chairman  of  the  Gas  Power  Section,  the  Exec- 
utive Committee  and  the  Chairmen  of  the  Gas  Power  Committees 
dined  together  at  the  Engineers'  Club  just  before  the  meeting.  The 
discussion,  wliich  was  informal,  covered  the  scope  and  methods  of 
work  of  the  Section  and  many  suggestions  were  made  and  discussed. 
The  work  of  the  various  committees  was  taken  up  and  coordinated. 
The  Secretary  reported   the  membership  of  the  Section  as  follows: 

A.  S.  M.  E.  Members  registered 168 

Affiliates 106 

Total 274 

Appropriations  were  requested  to  carry  the  work  of  the  Section 
through  the  summer. 

MEETING    OF    ST.    LOUIS    ENGINEERS 

On  Saturday  evening,  April  10,  1909,  a  meeting  of  the  members  of 
the  Society  residing  in  St.  Louis  and  vicinity  was  called  by  Wm.  H. 
Bryan.  E.  H.  Ohle  was  appointed  Secretary.  The  meeting  was 
attended  by  about  20  engineers. 

The  following  topics  were  discussed:  a  Local  organization  with 
occasional  professional  and  social  meetings;  h  Increase  in  member- 
ship; c  Contributions  to  The  Journal;  d  Making  up  a  party  to  attend 
the  coming  Spring  Meeting  at  Washington,  May  4-7;  e  Extending  an 
invitation  to  the  Society  to  meet  in  St.  Louis  at  some  future  time; 
/  Other  means  of  promoting  the  Society's  welfare,  not  only  locally, 
but  generally. 

M.  L.  Holman,  Past-President  of  the  Society,  thought  that  the 
object  of  local  organizations  of  The  Am.  Soc.  M.  E.  should  be  the 
widening  of  the  influence  of  the  Society,  emphasizing  its  national 
aspect. 

Professor  Hibbard  said  one  of  the  most  important  objects  should  be 
to  exert  an  influence  upon  the  engineering  schools,  and  to  benefit  the 
engineers  by  promoting  discussion  of  problems. 

All  present  expressed  themselves  in  favor  of  a  local  organization. 
It  was  voted  that  a  committee  of  three  composed  of  the  chairman  and 
two  others  appointed  by  him  should  be  formed  to  lay  out  a  plan  of 
organization  and  to  report  in  60  days. 
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THE  ORGANIZATION  OF    A  LOCAL    SECTION    OF   IHE    AMERICAN    SOCIETY 
OF    MECHANICAL    ENGINEERS 

Definite  steps  were  taken  at  a  meeting  of  150  representative 
mechanical  engineers  of  metropolitan  Boston  and  nearby  cities  Fri- 
day evening  April  16,  for  the  organization  of  a  local  section  of  The 
American  Society  of  Mechanical  Engineers.  The  meeting  was  held  in 
the  auditorium  of  the  Edison  Building  on  Boylston  street.  This 
organization  is  made  for  the  advancement  of  the  local  interests  of  the 
Society. 

The  movement  started  with  an  inquiry  from  a  committee  of  the 
Boston  Society  of  Civil  Engineers  as  to  the  feasibility  of  forming  a 
mechanical  section  of  that  Society.  It  soon  became  evident  that  a 
small  proportion  of  the  mechanical  men  in  tliis  vicinity  are  members 
of  the  Civil  Engineers  and  it  was  decided  to  form  a  local  section  of  The 
American  Society  of  Mechanical  Engineers  of  which  there  are  about 
350  members  in  the  vicinity  of  Boston.  The  plan  is,  however,  to 
maintain  close  relations  with  the  local  civil  and  other  engineering 
societies. 

A  committee  consisting  of  Prof.  Ira  N.  Hollis,  Prof.  E.  T.  Miller 
and  Messrs.  Charles  T.  Main,  I.  E.  Moultrop  and  Joseph  W.  Libby, 
members  of  this  Society  as  well  as  of  the  Boston  Society  of  Civil  Engi- 
neers was  chosen  to  arrange  for  future  meetings  and  adopt  such  plans 
as  are  necessary  for  the  development  of  the  new  local  society. 

The  first  meeting  was  addressed  by  Jess-e  M.  Smith,  President; 
Calvin  W.  Rice,  Secretary,  Fred  R.  Low,  Chairman  of  the  Gas  Power 
Section,  H.  F.  Bryant,  Mce-President  of  the  Boston  Society  of  Civil 
Engineers,  and  several  other  men  prominent  in  engineering  circles. 

THE    BROOKLYN    POLYTECHNIC    STUDENT    SECTION 

The  Brooklyn  Polytechnic  Student  Section  of  the  Society  has 
organized  under  an  Honorary  Chairman,  Prof.  W.  D.  Ennis,  Professor 
of  Mechanical  Engineering  of  the  Polytechnic;  a  Chairman,  James 
Russell;  a  Secretary,  Percy  Gianella;  and  a  Governing  Committee 
composed  of  James  Russell,  Chairman,  Russell  H.  Brown,  W.  M. 
Sar  Vant,  and  Percy  Gianella. 

The  following  committees  have  been  selected:  on  Program,  Chas. 
W.  Gremple,  Chairman,  A.  T.  Smith,  Vinton  Smith,  Alphonse  A. 
Adler,  W.  J.  Moore,  Oskytel  H.  Clarke,  F.  Rhey  Baldwin;  on  Admis- 
sion, J.  M.  Wiley,  Chairman,  Clemente  Hidalgo,  W.  E.  W.  Moore, 
Wesley  M.  Graff,  Herman  F.  Weber,  S.   W.  Berliner,  Morgan    L. 
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Woodruff;  on  Employment,  M.  G.  Farrell,  Chairman,  Alfred  Hel- 
wig,  Wm.  H.  Brendlin.  At  the  meeting  April  3  the  Committee  on 
Admission  proposed  ten  students  for  election,  who  were  declared 
elected  by  the  Governing  Committee.  The  Committee  on  Employ- 
ment reported  that  they  had  received  communications  stating  that 
three  positions  were  open  to  students,  two  as  draftsmen,  one  collecting 
engineering  material  for  a  magazine. 

THE    JOINT   CONSERVATION    COMMITTEE 

The  work  of  conservation,  until  recently  carried  on  by  the  Conser- 
vation Commission  will  now  be  advanced  by  the  Joint  Conservation 
Committee,  of  which  the  Hon.  Gilford  Pinchot  is  Chairman  and 
Thomas  R.  Shipp  is  Secretary.  The  other  members  forming  the 
Committee  are:  George  C.  Pardee,  California;  Knute  Nelson,  Min- 
nesota; W.  H.  Milton,  Florida;  W.  K.  Kavanaugh,  Missouri;  New- 
ton C.  Blanchard,  Louisiana;  Paris  Gilson,  Montana:  0.  J.  Salisbury, 
Utah. 

THE    PANAMA    CANAL 

J.  Edward  Simmons,  president  of  the  Chamber  of  Commerce,  has 
appointed  on  the  committee  of  seven  to  make  a  study,  from  the  stand- 
point of  the  requirements  of  the  world's  shipping,  of  the  problems 
involved  in  the  construction  of  the  canal  at  Panama.  The  com- 
mittee appointed  is  composed  of  John  R.  Dunlap,  Alfred  P.  Boiler, 
Cornelius  A.  Pugsley,  William  L.  Saunders,  Mem.  Am.  Soc.  M.  E., 
Jacob  W.  Miller,  Julio  F.  Sorzano,  Mem.  Am.  Soc.  M.  E.,  and  John 
D.  Crimmins.     The  committee  held  its  first  meeting  March  19. 

NORTHWESTERN    UNIVERSITY 

On  March  25  the  Northwestern  University  at  Evanston,  111., 
inaugurated  the  Swift  Hall  of  Engineering,  a  $100,000  building, 
presented  by  Edward  F.  Swift  and  his  mother,  Mrs.  Gustavus  F. 
Swift,  of  Chicago,  together  with  $50,000  for  maintenance.  The 
University  has  organized  a  College  of  P]ngineering  of  which  John 
Fillmore  Hayford  has  been  appointed  Director.  The  engineering 
course  offered  will  cover  five  years.  At  the  end  of  the  first  four  years 
the  degree  of  Bachelor  of  Science  will  be  conferred  and  the  degree  of 
Bachelor  of  Engineering  will  be  given  for  an  additional  year  of  study. 
In  general,  the  purpose  underlying  the  instruction  in  this  new  college 
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of  engineering  is  to  teach  broad  fundamental  principles,  devoting 
special  attention  to  tlie  cultural  studies  in  the  earlier  years  of  the 
course,  allowing  students  to  specialize  later. 

At  the  dedication  of  the  Engineering  Building,  which  will  take 
place  May  7,  Mr.  Charles  Whiting  Baker,  Mem.  Am.  Soc.  M.  E.,  and 
Editor  of  the  Engineering  News,  will  make  the  principal  address  which 
will  be  on  a  broader  training  for  the  engineer. 


L_ 


MEETING  OF  THE  COUNCIL 

The  regular  meeting  of  the  Council  was  held  April  13,  1909,  in  the 
rooms  of  the  Society,  the  President,  Jesse  M.  Smith,  in  the  Chair. 
There  were  present:  Messrs.  Basford,  Bond,  Breckenridge,  Carpenter, 
Gantt,  Humphreys,  Hutton,  Moultrop  and  Swasey. 

The  following  deaths  were  reported:  Jasper  R.  Rand,  and  C.  L. 
Hildreth. 

The  following  resignations  were  reported:  C.  J.  Carney,  E.  R. 
Behrend  and  Fred  Collins. 

The  President  reported  the  following  committee  appointments: 
Finance,  George  J.  Roberts,  in  place  of  J.  Waldo  Smith,  resigned; 
Involute  Gears,  Wilfred  Lewis,  Hugo  Bilgram,  Gaetano  Lanza,  Chas. 
R.  Gabriel  and  C.  W.  MacCord;  Research,  R.  C.  Carpenter,  James 
Christie,  Charles  B.  Dudley,  W.  F.  M.  Goss  and  Richard  H.  Rice. 

Voted:  That  the  Secretary  be  instructed  to  procure  art  photo- 
graphs of  the  past-presidents,  an  appropriation  of  $390  to  be  made  for 
this  purpose. 

Amendments:  The  amendments  to  By-Laws  17,  27  and  28  were 
accepted  subject  to  the  approval  of  the  Committee  on  the  Constitu- 
tion and  By-Laws. 

Resolved:  That  the  amendment  in  the  "  Instructions  for  By-Laws" 
presented  and  recommended  by  the  special  committee  of  five 
(appointed  at  the  joint  meeting  of  the  Standing  Committees,  called 
by  the  President  to  consider  the  relations  of  the  Standing  Committees 
to  the  api)ropriations  for  the  work  of  the  respective  committees)  be 
adopted,  and  that  all  present  instructions  conflicting  therewith  be  and 
are  hereby  made  null  and  void.  > 

Resolved:  That  the  Secretary  be  instructed  to  present  to  the  Execu- 
tive Committee  a  draft  of  such  changes  in  the  "standards"  of  the 
Society  as  may  be  necessary  to  bring  them  up  to  date,  and  to  make 
them  in  complete  harmony  with  action  taken  from  time  to  time  by 
the  Council  since  the  "standards"  were  established  and  adopted; 
and  that  these  changes,  when  appi'oved  by  the  Executive  Committee, 
shall  be  presented  for  adoption  by  the  Council,  as  provided  in  the 
By-Laws. 
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STANDING    COMMITTEES 

Finance  Committee:  The  following  resolution  was  presented  from 
the  Finance  Committee,  and  was  adopted  on  motion : 

Whereas,  S2222.50  was  raised  as  a  special  fund  to  take  care  of  the  entertainment 
expenses  of  the  annual  meeting, 

Be  it  Resolved:  That  the  Finance  Committee  recommend  to  the  Council  that 
the  cost  of  entertainment  at  the  annual  meeting  amounting  to  $2002.24,  now 
charged  to  the  appropriations  of  the  Meetings  Committee,  be  charged  to  this 
special  fund,  and  the  balance-be  held  as  a  special  fund  for  similar  use  at  future 
meetings. 

House  Committee:  The  following  record  from  the  minutes  of  the 
House  Committee  was  presented : 

It  was  voted  that  the  Committee  adopt  the  plans  and  specifications  prepared 
by  the  architect  of  the  building  the  entire  work  to  cost  approximately  $5400, 
and  that  the  Committee  instruct  the  Chairman  to  ask  of  the  Council  an  appro- 
priation of  $2500  for  this  year,  to  be  expended  in  a  manner  that  the  Committee 
may  deem  best  in  their  judgment. 

Resolved:  That  the  Council  approve  the  recommendation  of  the 
House  Committee,  including  an  appropriation  of  $2500  for  these 
objects,  to  be  expended  as  the  House  Committee  may  deem  best. 

Resolved:  That  the  allocation  of  the  charges  for  this  work  to  operat- 
ing and  capital  accounts  be  referred  to  the  Finance  Committee  with 
power. 

SPECIAL    COMMITTEES 

The  Committee  on  Revision  and  Extension  of  the  Code  for  Testing 
Gas  Power  Machinery,  Chas.  E.  Lucke,  Chairman,  E.  T.  Adams, 
George  H.  Barrus,  D.  S.  Jacobus,  and  Arthur  West,  made  a  general 
report  and  requested  that  they  be  discharged  and  a  new  committee 
appointed  to  revise,  unify  and  standardize  all  the  present  codes  of  the 
Society  on  their  various  subjects.  This  report  was  received  and  the 
Committee  discharged. 

Voted:  That  nine  members  be  appointed  by  the  President,  with  the 
approval  of  the  Council,  a  Committee  on  Power  Tests,  to  revise  the 
present  testing  codes  of  the  Society  relating  to  boilers,  pumping 
engines,  locomotives,  steam  engines  in  general,  internal  combustion 
engines,  and  apparatus  and  fuels  therefor,  and  to  extend  these  codes 
so  as  to  apply  to  such  power  generating  apparatus  as  the  present  codes 
do  not  cover.  Including  water  power,  and  bring  them  into  harmony 
with  each  other  and  with  the  best  practice  of  the  day.     This  Commit- 
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tee  may  resolve  itself  into  as  many  sub-committees  as  necessary,  to 
cooperate  with  and  report  to  the  whole  committee.  That  the  com- 
mittee be  empowered  to  confer  with  the  American  Institute  of 
Electrical  Engineers,  regarding  electrical  matters  pertaining  to  the 
subject,  and  with  any  other  engineering  societies  or  organization 
which  have  formulated  rules  for  similar  tests,  with  a  view  to  obtain- 
ing general  cooperation  of  authorities  in  the  proposed  work. 

Boiler  Code:  The  committee,  consisting  of  Messrs.  Lieb  and  Taylor, 
appointed  to  investigate  the  advisability  of  a  revision  of  the  Standard 
Code  on  Steam  Boiler  Tests,  reported  that  in  their  opinion  it  is  desir- 
able to  undertake  a  revision  of  the  Standard  Code  for  Boiler  Tests  in 
view  of  the  progress  made  in  tlie  art  since  the  Standard  Code  was 
formulated. 

The  application  of  blast  furnace  gases,  gas  producer  plants,  oil 
fired  furnaces  and  other  important  developments,  make  it  desirable 
to  bring  the  standard  code  up  to  date  so  as  to  include  also  provisions 
for  gaseous  and  liquid  as  well  as  solid  fuels.  It  may  be  desirable  also 
in  the  revised  code  to  give  consideration  to  the  question  of  a  standard 
method  for  the  sampling  and  testing  of  fuels. 

The  Committee  on  the  Conduct  of  the  Annual  and  Spring  Meetings, 
F.  R.  Hutton,  Ambrose  Swasey  and  F.  M.  Whyte,  reported  that  it 
recommends  that  the  Meetings  Committee  be  authorized  in  its  dis- 
cretion to  contribute  $300  toward  the  local  expense  of  each  semi- 
annual meeting,  such  sums  to  include  the  expense  of  the  meeting 
hall,  and  to  be  expended  by  the  Local  Committee  provided  for  in  R14. 
That  in  the  annual  meeting  tlie  cost  of  the  President's  Reception  be 
borne  by  the  Society  and  that  the  reception  be  open  to  all  members 
and  their  guests.  That  in  the  case  of  both  the  Annual  and  Spring 
Meetings  the  Local  Committee  shall  collect  all  the  money  for  the  social 
entertainment  and  disburse  the  same. 

Tlie  Committee  on  The  Journal,  F.  R.  Hutton,  George  M.  Basford 
and  C.  W.  Rice,  presented  its  report,  which  was  duly  accepted, 
specially  endorsing  the  following  principles:  that  the  results  should  be 
attained  within  the  income  of  The  Journal,  which  should  be  self- 
supporting;  and  that  net  income  therefrom,  or  so  much  of  it  as  may 
be  needed,  should  be  kept  available  for  its  constant  improvement. 

The  following  resolutions  were  adopted  and  the  Secretary  requested 
to  notify  any  committees  affected  by  this  action:  The  following  By- 
Law  was  adopted  and  will  be  given  its  proper  number. 
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THE    JOURNAL 

a 
The  Council  shall  institute  a  monthly  publication  to  be  called  The  Journal, 
which  shall  be  under  the  management  of  the  Secretary  who  shall  act  under  the 
general  supervision  of  the  Publication  Committee,  subject  to  approval  by  the 
Council  as  to  the  policy  thereof  and  the  expenditures  therefor. 

b 

Resolved:  That  By-Laws  B25  relating  to  the  duties  of  the  Publication  Com- 
mittee be  amended  by  adding  in  line  6  after  the  word  "Society"  the  following 
sentence:  "The  Committee  shall  have  the  general  supervision  of  the  monthly 
pubhcation  of  the  Society  known  as  'The  Journal.'  " 

c 
Resolved:     That  the  Council  apportion  under  By-Law  B21  to  the  Publication 
Committee  of  the  Society,  the  work  of  general  supervision  of  The  Journal. 

d 

Resolved:  That  By-Law  23,  relating  to  the  duties  of  the  Finance  Committee, 
be  amended  by  adding  at  the  end: 

"  It  shall  have  charge  of  the  making  of  all  contracts  for  printing  in  the  Society's 
work,  and  the  ordering  of  all  expenditures  thereunder. " 

e 
Resolved:     That  under  the  provision  of  By-Law  B21  the  Council  apportion  to 
the  Finance  Committee  the  work  of  the  supervision  of  all  printing  contracts  for 
the  Society's  work,  and  that  the  Secretary,  acting  as  Business  Manager,  carry  out 
the  directions  of  the  Finance  Committee  therefor,  as  provided  in  that  By-Law. 

Voted:  That  the  report  of  the  Committee  on  The  Journal  be  referred 
to  the  Publication  and  Finance  Committees  for  report  to  the  Council 
at  its  next  meeting.  It  was  the  sense  of  the  Council  that  the  Publica- 
tion Committee  should  enter  immediately  upon  its  duties  of  general 
supervision  of  the  Journal  without  waiting  for  the  formality  of  adop- 
tion of  the  by-laws  involved. 

Shop  Section:  The  petition  of  certain  members  of  the  Society  to 
form  a  Machine  Shop  Section  was  presented  and  referred  to  a  special 
committee  to  consist  of  F.  R.  Hutton,  Chairman,  Alex.  Humphreys, 
R.  H.  Fernald,  H.  H.  Suplee,  Fred  W.  Taylor  (formerly  Committee 
on  Affiliated  Societies)  for  report  at  the  next  meeting  of  the  Council. 

The  Council  adjourned  to  meet  in  Washington,  Tuesday,  May  4, 
at  an  hour  to  be  determined  later. 


JOHN  FRITZ  MEDAL  AWARD- 

The  John  Fritz  Medal,  the  only  medal  which  the  four  National 
Engineering  Societies  confer,  was  presented  to  Charles  T.  Porter, 
Honorary  Member  of  The  American  Society  of  Mechanical  Engineers, 
on  Tuesday  evening,  April  13.  The  presentation  took  place  in  the 
auditorium  of  the  Engineering  Societies  building,  29  West  39th  St., 
before  distinguished  invited  guests  and  an  audience  representing  the 
entire  engineering  profession.  The  medal-  was  conferred  upon  Mr. 
Porter  for  his  work  in  advancing  the  knowledge  of  steam  engineering 
and  for  improvements  in  engine  construction.  Addresses  were  made 
by  Dean  W.  F.  M.  Goss  of  the  University  of  Illinois,  upon  The  Debt 
of  Modern  Civilization  to  the  Steam  Engine  as  a  Source  of  Power;  by 
Prof.  F.  R.  Hutton  of  Columbia  University,  Honorary  Secretary  of  The 
American  Society  of  Mechanical  Engineers,  on  The  Debt  of  the  Modern 
Steam  Engine  to  Charles  T.  Porter;  by  Robert  W.  Hunt,  of  Chicago,  on 
The  Debt  of  the  Era  of  Steel  to  the  High  Speed  Steam  Engine;  by 
Frank  J.  Sprague,  of  New  York,  on  The  Debt  of  the  Era  of  Electricity 
to  the  High-Speed  Steam  Engine.  i  ., 

The  John  Fritz  Medal  was  established  by  the  professional  associates 
of  John  Fritz  of  Bethlehem,  Pa.,  in  1903,  upon  the  occasion  of  his 
eightieth  birthday,  to  perpetuate  the  memory  of  his  achievements  in 
industrial  progress.  Its  award  was  placed  under  a  Board  consisting 
of  four  members  from  each  of  the  four  National  Engineering  Soci- 
eties, the  American  Society  of  Civil  Engineers,  the  American  Institute 
of  Mining  Engineers,  The  American  Society  of  Mechanical  Engineers, 
and  the  American  Institute  of  Electrical  Engineers. 

Awards  have  been  made  to  Lord  Kelvin  for  his  work  in  cable  teleg- 
raphy and  other  scientific  achievements;  to  George  Westinghouse 
for  the  invention  and  development  of  the  air  brake;  to  Alexander 
Graham  Jiell  for  the  invention  and  introduction  of  the  telephone;  to 
Thomas  Alva  Edison  for  his  electrical  inventions  and  developments. 

Henry  R.  Towne,  Past-President,  Am.  Soc.  M.  E.,  and  Chairman 
of  the  Board  of  Award  of  the  John  Fritz  Medal  for  1909-1910,  presided 
at  the  meeting,  and  in  his  opening  remarks  spoke  briefly  of  the 
origin  and  history  of  the  medal.  He  introduced  Dean  W.  F.  M.  Goss 
of  the  University  of  Illinois,  whose  address  preceded  the  presentation. 

At  the  close  of  Professor  Goss'  address,  Mr.  Towne  in  a  short  intro- 
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ductory  speech  recalled  that  Mr.  Porter  is  the  third  person  and  the 
first  American  to  whom  has  been  accorded  the  distinction  of  Honorary 
Membersliip  in  The  American  Society  of  Mechanical  Engineers.  On 
account  of  this  relation,  Mr.  Porter  was  introduced  by  Jesse  M. 
Smith,  President  of  the  Society.  As  the  award  was  made  by  the 
Board  of  last  year,  under  the  chairmanship  of  E.  Gybbon  Spilsbury, 
the  presentation  was  made  by  Mr.  Spilsbury.  Mr.  Towne  then  intro- 
duced Mr.  Smith,  who  said  in  introducing  Mr.  Porter: 

The  John  Fritz  Medal,  estabhshed  in  1902  by  the  American  engineering  pro- 
fession as  a  meed  of  recognition  for  'notable  scientific  or  industrial  achievement,' 
was  awarded  in  the  year  1908  by  a  board  representing  the  four  National  Engineer- 
ing Societies,  to  a  distmguished  mechanical  engineer  for  'his  work  in  advancing  the 
knowledge  of  steam-engineering  and  for  improvements  in  engine  construction.' 
I  present  to  you,  and  to  this  company,  the  engineer  to  whom  this  high  distinction 
has  been  granted. 

He  is  honored  because  he  saw  the  possibilities  of  the  high-speed  steam  engine; 
because  his  mechanical  genius  in  design  made  those  possibilities  real;  and  because 
he  recognized  the  necessity  for,  and  then  apphed,  the  very  best  mechanical  con- 
struction to  the  realization  of  his  ideals. 

He  then  introduced  into  the  development  of  the  power  plant,  an  idea  and  an 
influence  so  revolutionary  as  to  make  an  epoch  in  the  history  of  the  art  of  engine 
building;  and  which  has  been  as  world-wide  in  its  effects  as  the  use  of  the  recipro- 
cating engine. 

Many  of  the  present  generation  of  engineers  have  inherited,  without  effort  and 
often  without  knowledge  of  their  origin,  the  results  which  cost  him  many  years  of 
painstaking  study  and  experiment  to  estabhsh. 

That  he  may  receive  the  John  Fritz  Medal  awarded  to  him,  I  now  have  the 
honor  to  present  Charles  Talbot  Porter. 

E.  G3'bbon  Spilsbury,  in  presenting  the  medal  to  Mr.  Porter,  said: 

Under  instructions  from  the  Board  of  Award  of  the  John  Fritz  Medal,  it  is  my 
privilege  and  pleasure  to  inform  you  that  for  your  work  in  advancing  the  knowledge 
of  steam  engineering  and  for  improvements  in  engine  construction,  you  have  been 
chosen  as  the  worthy  recipient  of  the  medal  for  the  year  1908-1909. 

This  medal  was  instituted  in  1902  to  commemorate  the  80th  anniversaiy  of  the 

successful  and  honored  career  of  our  beloved  colleague  John  Fritz,  and  its  award  by 

a  committee  selected  from  the  membership  of  the  four  great  engineering  societies 

of  the  United  States  is  the  highest  honor  which  the  engineering   profession  can 

onfer  on  any  of  its  members. 

Charles  Talbot  Porter,in  the  presence  of  this  distinguished  company,!  now  present 
you  this  medal,  together  with  an  engraved  certificate  of  the  award,  and  confer 
upon  you  all  the  rights  and  honors  and  the  distinction  which  attach  to  this  emblem. 
May  you  live  long  and  happily  to  enjoy  the  appreciation  which  is  your  due  at  the 
hands  of  those  you  have  so  benefited  by  your  work. 

After  the  presentation,  Mr.  Towne  read  the  following  telegram 
from  John  Fritz- 
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''With  all  my  heart  regret  my  inability  to  be  with  my  dear  friends  and  associ- 
ates this  evening.  I  cannot  be  with  you  in  person,  but  I  will  be  with  you  in 
spirit.  Please  convey  to  my  dear  friend  Porter  my  sincere  congratulations  and 
best  wishes." 

The  addresses  of  the  evening  followed,  abstracts  of  which  are  pub- 
lished in  this  report. 

Professor  Hutton  read  this  congratulatory  cablegram  from  Wm. 
H.  Moore,  Editor  of  London  Engineering:  "  Heartiest  congratulations 
to  Porter,"  and  a  cablegram  from  the  younger  generation  of  Wm.  A. 
Hoyle,  with  whom  Mr.  Porter  was  associated  in  his  early  work,  which 
read:  "All  Hoyles  congratulate  Porter  in  our  father's  memory." 
The  Iron  and  Steel  Institute  of  Great  Britain  cabled:  "The  Iron  and 
Steel  Institute  warmly  approves  of  what  has  been  awarded  in  recogniz- 
ing the  excellent  work  of  Porter. "  From  the  Institution  of  Mechan- 
ical Engineers  of  Great  Britain:  "Goodwill  and. sympathy  on  the 
occasion  of  the  presentation  of  the  John  Fritz  Medal  and  congrat- 
ulations to  the  recipient."  From  E.  D.  Leavett,  Mem.  Am.  Soc.  M. 
E.,  an  early  associate  of  Mr.  Porter,  a  telegram  of  heartiest  congrat- 
ulations was  received,  and  many  other  telegrams  and  cablegrams 
which  were  not  read  on  account  of  lack  of  time. 

In  closing,  Mr.  Towne  proposed  a  rising  vote  of  good  wishes  for 
continued  health,  success  and  long  life  to  the  founder  of  the  medal, 
John  Fritz,  and  to  the  recipient,  Charles  T.  Porter. 

Abstracts  of  tlie  several  addresses  here  follow: 

ADDRESS  BY  DEAN  W.  F.   M.  GOSS 

Dean  W.  F.  M.  Goss  spoke  of  the  debt  of  modern  civilization  to 
the  steam  engine.  Dreams  of  the  possibilities  of  steam  belong  to 
the  day  of  Addison,  Steele,  Swift  and  Defoe;  days  when  there  were  bril- 
liant men  of  letters^  triumphs  in  architecture,  achievements  on  the 
battlefield,  but  when  there  were  no- means  for  performing  industrial 
work.  There  were  no  large  factories  in  England  because  there  was 
no  way  by  which  their  machinery  could  be  driven.  Mines  were 
abandoned  because  they  were  flooded  with  water,  women  and  girls 
were  toiling  in  the  mines  amid  suffering  and  degradation.  The  move- 
ment of  merchandise  by  land  was  laborious  and  travelling  by  sea  slow 
and  dangerous. 

Into  the  midst  of  such  conditions  came  the  steam  engine.  It  freed 
the  mines  of  England  from  water,  revived  dormant  industries,  intro- 
duced new  systems  of  manufacture,  supplied  power,  water  and  effective 
means  of  sanitation  to  cities,  supplemented  in  all  these  respects  in  later 
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years  by  electric  transmission  fo^-  lighting,  power  and  transportation. 
Steam  usurped  the  place  of  wind  in  the  propulsion  of  ships,  and  through 
the  agency  of  the  locomotive  has  carried  civilization  to  the  farthest 
ends  of  the  earth.  These  achievements  are  direct  contributions  to 
the  upbuilding  of  civilization,  the  key-note  of  which  is  service.  The 
dwellers  on  the  earth  are  beginning  to  see  that  if  one  nation  suffers 
severely,  all  are  likely  to  suffer  in  some  degree  and  they  are  learning 
sympathy  for  their  fellovv-nien. 

ADDRESS    BY    PROF.    F.    R.    HUTTON 

It  was  assigned  to  Prof.  F.  R.  Hutton  to  speak  in  detail  of  the  debt 
which  the  reciprocating  steam  engine  owes  to  the  pioneer  work  uf 
Mr.  Porter.     This  debt  may  be  grouped  under  five  heads. 

First,  the  reciprocating  engine  owes  to  him  the  first  vision  of  the 
advantages  that  come  from  maldng  the  crank  shaft  turn  at  a  high 
rate  of  revolution,  whereby  the  weight  of  the  motor  per  horse 
power  is  reduced.  From  this  seed-thought  has  sprung  the  modern 
design  of  the  motor  for  the  self-propelled  vehicle  and  for  the  aero- 
plane. The  liigh  speed  involved  the  solution  of  difficult  problems, 
owing  to  the  necessity  for  starting  and  stopping  heavy  parts  of  the 
mechanism  in  each  revolution. 

The  second  debt  is  for  Mr.  Porter's  recognition  of  these  problems. 

The  third  debt,  perhaps  the  most  important  of  all,  is  that  the  stand- 
ard of  mechanical  construction  in  the  high-speed  engine  must  be 
of  the  highest  type.  We  owe  to  Mr.  Porter  many  manufacturing 
details  which  now  are  commonplaces  of  modern  practice. 

Fourth,  Mr.  Porter  created  a  form  of  steam  engine  condenser  to  be 
attached  directly  to  the  engine  and  operated  at  a  much  higher  rate 
of  speed  than  that  at  which  the  ordinary  pump  could  be  used;  and 
finally,  invented  a  sensitive  steam  engine  governor  in  two  forms. 

The  address  closed  with  a  tribute  to  Prof.  Chas.  B.  Richards,  associ- 
ated with  Mr.  Porter's  early  work  of  designing,  and  John  F.  Allen, 
who  had  conceived  many  details  of  the  first  high-speed  engine  which 
Mr.  Porter  combined  into  a  harmonious  whole. 

ADDRESS   OF   ROBERT    W.    HUNT 

Robert  W.  Hunt  said  it  was  scarcely  conceivable  that  one  could 
have  witnessed  in  a  single  lifetime  the  remarkable  development  in 
the  steel  industry  which  he  had  observed  since  the  birth  of  the  Besse- 
mer processes.     These  accomplishments  were  made  practically  pos- 
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sible  by  the  application  of  a  more  rapid  power.  The  early  processes 
were  deliberate  because  man  was  habituated  to  slow  movements. 
The  first  power  came  from  the  slow-turning  water  wheel;  later  from 
the  slow-speed  steam  engine.  Faster  movements  were  obtained 
through  gears  and  belts.  Among  the  first  engineers  to  attach  the 
rolling  mill  engine  direct  to  its  train  of  rolls  were  John  and  George 
Fritz,  but  the  speed  of  their  strokes  was  limited.  Mr.  Charles  T. 
Porter  u^as  the  first  to  give  the  rolling  mill  engineer  a  controllable 
direct-connected  economical  high-speed  engine. 

Mr.  Hunt  referred  to  two  engines  in  a  rolling  mill  plant  in  Tro.y, 
N.  Y. ,  in  1876.  One  set  of  rolls  was  driven  by  a  walking  beam  low-pres- 
sure engine,  taken  from  the  steamboat  Swallow,  a  Hudson  River 
boat,  and  the  other  set  was  driven  by  Porter-Allen  engines.  The 
contrast  between  the  steamboat  engine  with  a  slow  speed  of  35  or 
40  r.p.m.,  and  Mr.  Porter's  little  engines,  humming  away  at  high 
speed,  and  accomplishing  much  greater  results,  was  an  educational 
sight. 

ADDRESS  OF  PRANK  J.  SPRAGUE 

Frank  J.  Sprague  recalled  that  in  1867,  at  the  French  exhibition, 
Charles  T.  Porter  installed  two  Porter- Allen  engines,  the  only  high- 
speed engines  exhibited,  to  drive  generators  for  supplying  current  for 
lighthouse  apparatus.  While  these  engines  were  not  directly  coupled, 
it  is  a  curious  fact  that  the  piston  speeds  and  revolutions  were  what 
is  common  today  in  isolated  direct  coupled  plants.  In  the  dozen  years 
following,  Mr.  Porter  built  many  engines  with  certain  common  char- 
acteristics, high  piston  speed  and  revolutions,  solid  engine  bed  and 
babbitted  bearings,  but  there  was  no  electric  driving  until  1880,  when 
Mr.  Porter  installed  a  high-speed  engine  for  Mr.  Edison  in  his  labora- 
tory at  Menlo  Park.  Shortly  after  this  Mr.  Porter  was  invited  to 
construct  for  the  Edison  Station  at  Pearl  Street,  New  York,  the  first 
of  a  series  of  engines  for  so-called  steam  dynamos,  each  independently 
driven  by  a  direct  coupled  engine. 

Mr.  Sprague  likened  the  relations  of  electricity  and  the  high-speed 
engine,  not  to  debtor  and  creditor,  but  rather  to  a  close  partnersliip, 
an  industrial  marriage,  one  of  the  most  important  in  the  engineering 
the  world,  that  of  prime  mover  and  the  electric  generator.  Here  were 
two  machines,  destined  to  be  joined  together,  economizing  space, 
increasing  economy,  augmenting  capacity,  reducing  investment, 
increasing  dividends.  Primarily,  and  largely  due  to  Mr.  Porter,  the 
high  speed  possibilities  of  the  engine  were  commercially  demonstrated. 

The  following  distinguished  guests  occupied  seats  on  the  platform: 


v:: 
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Rear-Admiral  (reo.  W.  Melville,  John  E.  Sweet,  C.  A.  Parsons, 
Jesse  M.  Smith,  Charles  T.  Porter,  Henry  R.  Towne,  E.  Clybbon  Spils- 
biny.  Prof.  Chas.  P.  Jiichards,  Jas.  C.  Brooks,  Alfred  Noble,  Ambrose 
Swasey,  Onward  ]^ates,  G.  G.  Ward,  Chas.  L.  Clarke,  W.  H.  Pegram, 
Prof.  F.  R.  Hutton,  Prof.  W.  F.  M.  Goss,  R.  W.  Hunt,  Frank  J. 
Sprague,  A.  H.  Pickler,  C.  Warren  Hunt,  S.  S.  Wheeler,  E.  Swennson. 


MEMORIAL 

ALFRED  R.  WOLFF 
By  Prof.  J.  E.  Denton,  Stevens  Institute  of  Technology 

Alfred  R.  Wolff,  who  died  at  his  home  in  New  York  on  January 
7,  1909,  was  born  in  Hoboken,  March  15, 1859.  He  entered  the  Stevens 
Institute  of  Technology  with  its  class  of  1876,  when  less  than  14 
years  of  age.  He  nevertheless  easily  carried  the  studies  of  the  four 
years  course,  and  was  recognized  as  one  of  the  leading  students  of 
a  strong  class. 

His  graduating  thesis  on  windmills,  which  contributed  original 
experimental  data  to  the  theory  of  the  subject,  was  published  through 
several  numbers  of  the  Engineering  and  Mining  Journal  of  1876,  with 
favorable  editorial  comment.  This  thesis,  supplemented  by  a 
compendium  of  modern  American  windmills,  with  tabular  statements 
of  their  power  and  relative  economy  in  practice,  was  pubUshed  in 
1885  by  Wiley  &  Sons,  in  book  form,  under  the  title.  The  Wind  Mill 
as  a  Prime  Mover,  and  remains  the  only  book  on  this  subject. 

After  graduation,  Mr.  Wolff  entered  the  office  of  the  late  C.  E. 
Emory,  then  consulting  steam  engineer  of  New  York  and  also  con- 
sulting engineer  to  the  U.  S.  Revenue  Marine  Service. 

About  1880,  Mr.  Wolff  decided  to  build  up  a  practice  as  consulting 
engineer  in  New  York.  For  about  eight  years  his  work  consisted  in 
the  miscellaneous  commissions  of  the  steam  expert.  During  this 
time  he  wrote  several  articles,  among  them  a  paper  on  The  Value 
of  the  Study  of  the  Mechanical  Theory  of  Heat,  presented  at  the  first 
meeting  of  The  American  Society  of  Mechanical  Engineers,  of  which 
he  was  a  charter  member;  a  series  of  editorial  articles  on  steam 
and  energy  questions,  which  appeared  in  The  American  Engineer, 
with  whose  staff  Mr.  Wolff  was  connected  for  several  years,  and  a 
supplement  to  Robert  Briggs'  essay  on  Steam  Heating,  published 
in  the  Van  Nostrand  Science  Series. 

In  1888  Mr.  Wolff  was  engaged  to  assist  the  architect  of  the  New 
York  Freundschaft  Club  to  complete  its  heating    and  ventilating 
plant.     This  engagement  proved  to  be  his  opportunity  to  secure  a 
lucrative  specialty.     At  this  time  the  architect  depended  for  the . 
design  of  the  heating  and  ventilating  plant  upon  the  largely  gratui- 
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tous  plans  and  specifications  of  the  prospective  contractor  and  con- 
sequently the  heating  and  ventilating  requirements  of  a  building  were 
liable  to  be  sacrificed  in  undue  proportion  to  their  importance. 
Obviously  there  was  field  for  a  middleman  as  the  authorized  agent 
of  the  architect. 

In  establishing  himself  in  this  field,  Mr.  Wolff  encountered  many 
difficulties  which  he  overcame  so  successfully  that  at  the  end  of  six 
years  he  had  referred  to  Viim  more  problems  of  heating  and  ventilat- 
ing than  he  could  execute.  It  was  during  this  time  that  he  wrote 
and  published  the  pamphlet  entitled  The  Ventilation  of  Buildings, 
an  outline  of  the  elements  of  physics,  chemistry,  and  mechanics 
involved  in  the  design  of  a  heating  and  ventilating  plant. 

He  introduced,  from  the  German  practice,  in  1893,  the  "  heat-unit 
system,"  under  which  the  radiator  surfaces  for  direct  heating  in  a 
building  are  systematically  calculated  from  the  heat  lost  by  the 
various  thicknesses  of  walls  and  proportion  of  window  surface.  This 
was  a  substitute  for  the  crude  American  rule,  previously  in  vogue, 
allowing  a  square  foot  of  radiator  surface  per  various  cubic  feet  of 
room  contents,  depending  entirely  on  the  judgment  of  the  engineer. 

He  made  popular  the  use  of  the  combined  plenum  and  exhaust 
system  operating  with  "tempered"  air,  for  ventilation,  supplemented 
by  direct  radiators  to  supply  the  loss  of  heat  by  walls  and  windows' 
as  a  substitute  for  the  "switch-damper"  method  of  heating  and 
ventilating  formerly  prevailing  in  the  metropolitan  district. 

He  introduced  the  thermostat  in  high-class  residence  work  in  1893; 
and  in  1902,  he  stimulated  Johnson  to  apply  this  mechanism  to  the 
automatic  control  of  humidity.  This  automatic  "humidostat"  was 
first  successfully  applied  in  the  Carnegie  residence. 

Mr.  Wolff  introduced  the  use  of  the  cheese-cloth  filters,  for  strain- 
ing the  dust  out  of  the  air  drawn  into  a  building  for  indirect  heating, 
into  the  metropolitan  district  in  1894,  for  use  in  the  New  York  Life 
Building.  He  installed  a  heating  and  ventilating  plant  in  the  Board 
Room  of  the  New  York  Stock  Exchange  in  which  the  problems  of 
constant  temperature  and  constant  hydrometric  conditions  were 
successfully  met.  The  refrigerating  feature  of  tliis  plant  is  the  only 
example  of  the  artificial  control  of  summer  heat  in  an  office  building, 
and  as  such  it  is  a  unique  monument  to  Mr,  Wolff's  ability. 


1  Mr.  Wolff  illustrated  the  application  of  this  combination  together  with  the 
"heat  unit  system,"  in  a  lecture  before  the  Franklin  Institute  in  1894,  which  was 
published  in  pamphlet  fonn  under  the  title  The  Heating  of  Large  Buildings. 
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Mr.  Wolff  took  part  in  the  organizations  of  the  Ethical  Culture 
Societ}^  especially  in  the  maintenance  of  their  charitable  schemes.  He 
was  also  an  aliinmi  trustee  of  the  Stevens  Institute  of  Technology 
from  1893  to  1896  and  a  permanent  trustee  after  1900. 

Among  a  great  many  important  buildings  in  which  Mr.  Wolff 
installed  heating  and  ventilating  plants  are  the  following:  Century 
Club;  Waldorf-Astoria  Hotel;  Carnegie  Music  Hall;  Lakewood  Hotel, 
Lakewood,  N.  J.;  United  Charities  Building;  University  of  the  City 
of  New  York;  New  York  Herald  Building;  C.  Vanderbilt  residence; 
Teachers  College;  J.  J.  Astor  residence;  St.  Regis  Hotel;  the  Lying- 
in  Hospital;  Princeton  Library;  Brooklyn  Institute;  Columbia  Uni- 
versity; Sherry's  Hotel;  Delmonico's  Hotel;  University  Club;  Hotel 
Martinique;  American  Museum  of  Natural  History;  Cornell  Medical 
College;  Carnegie  residence;  Library  of  J.  P.  Morgan,  Esq.;  Hispanic 
Museum;  Evening  Post  Building;  Plaza  Hotel. 


NECROLOGY 

A.  KENNEDY  ASHWORTH 

A.  Kennedy  Ashworth,  manager  of  the  filter  department  and 
traveling  engineer  of  the  Pittsburg  Gage  and  Supply  Co.,  died  Jan- 
uary 20,  1909,  at  his  home  in  Grafton,  Pa.  He  was  born  May  26, 1873, 
in  Covington,  Ky.,  receiving  his  education  in  the  schools  of  Pitts- 
burg, Pa.,  and  in  the  Cook  Academy;  he  was  also  a  graduate  in 
Mechanical  Engineering  of  Rose  Polytechnic,  and  studied  at  the 
Western  University  of  Pennsylvania. 

He  first  entered  the  employ  of  the  Joseph  Home  Go.  as  mechanical 
engineer,  and  became  chief  engineer  of  their  steam  and  electric 
plants.  After  about  two  years  he  became  a  member  of  the  firm  of 
D.  Ashworth  &  Son,  consulting  engineers.  He  associated  himself  with 
the  Pittsburg  Gage  and  Supply  Co.,  and  was  actively  engaged  in 
engineering  work  after  that  time,  except  for  a  short  period  when  he 
was  connected  with  the  Buckeye  Engine  Co.,  establishing  a  Boston 
office.  He  also  established  offices  for  the  Pittsburg  Gage  and  Supply 
Co.  in  Philadelphia,  New  York,  Chicago  and  other  large  cities. 

He  was  a  member  of  the  Engineers'  Society  of  Western  Pennsyl- 
vania, the  order  of  Free  and  Accepted  Masons,  and  the  Sons  of  the 
American  Revolution,  of  Boston.  He  was  formerly  a  member  of  the 
Shady  Avenue  Baptist  Church,  East  End. 

JASPER  R.   RAND 

Jasper  Raymond  Rand,  vice-president  and  director  of  the  Ingersoll- 
Rand  Co.,  New  York,  died  in  Salt  Lake  City,  Utah,  March  30,  1909. 
He  was  the  son  of  Jasper  Raymond  Rand,  one  of  the  founders  of  the 
Rand  Drill  Co.,  and  was  born  in  Montclair,  N.  J.,  September  3,  1874. 

He  was  graduated  from  Cornell  University  in  1898  with  the  degree 
of  Mechanical  Engineer,  and  served  in  Porto  Rico  in  the  Spanish- 
American  war  as  a  member  of  the  1st  New  York  Volunteer  Engineers. 
During  1899-1900  he  was  president  of  the  Imperial  Engine  Co.  at 
Painted  Post,  N.  Y.,  which  position  he  left  to  take  the  presidency 
of  the  Rand  Drill  Go.  In  1905  he  was  elected  vice-president  and 
director  of  the  Ingersoll-Rand  Co.,  the  position  he  held  up  to  the  time 
of  his  death. 
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Mr.  Rand  was  a  member  of  the  Alpha  Delta  Phi  Fraternity,  the 
Spanish  War  Veterans,  the  American  Institute  of  Mining  Engineers, 
the  Engineers'  Chib,  the  Cornell  Club  and  the  Alpha  Delta  Phi  Club 
of  New  York. 

CHARLES  LEWIS  HILDRETH 

Charles  Lewis  Hildreth  was  born  October  9,  1823,  at  Concord,  N. 
H.,  and  died  suddenly  on  February  26,  1909,  at  Westford,  Mass.  He 
received  his  education  at  a  private  school  in  Nashua,  N.  H.,  and  at 
the  Appleton  Academy  in  New  Ipswich,  N.  H. 

In  1845  he  went  to  Lowell,  Mass.,  and  became  an  apprentice  in  the 
Lowell  Machine  Shop,  which  was  incorporated  the  same  year.  After 
a  service  of  three  years,  he  became  a  contractor  on  piecework.  He 
was  identified  for  over  fifty  years  with  this  company,  being  superin- 
tendent for  twenty-six  years.  During  the  great  depression  of  the 
iron  trade  in  1858  he  went  to  Philadelphia  and  served  as  foreman  in 
the  Industrial  Works.  He  returned  to  Lowell,  Mass.,  in  1860,  and 
assumed  charge  of  the  shop  as  general  foreman,  a  position  he  held 
until  1879  when  he  was  made  superintendent  of  the  entire  plant. 
Mr.  Hildreth  was  identified  with  tlie  textile  machinery  trade  during 
almost  the  entire  period  of  its  development  in  America. 

In  July  1905  he  retired  from  business  to  his  country  home  in  West- 
ford,  Mass.,  where  his  death  occurred. 

He  was  president  of  the  Mechanics  Savings  Bank  in  Lowell,  Mass., 
was  closely  identified  with  the  Lowell  Textile  School,  and  while  in 
Lowell  was  an  attendant  at  the  Kirk  Street  Congregational  Church; 
in  Westford  he  attended  the  Union  Congregational  Church. 


OTHER  SOCIETIES 

AMERICAN  ELECTROCHEMICAL  SOCIETY 

The  annual  meeting  of  the  American  Electro-chemical  Society  will 
be  held  at  the  Clifton  Hotel,  Niagara  Falls,  Canada,  on  May  6,  7  and  8. 
A  feature  of  special  interest  will  be  a  symposium  of  papers  on  the 
electro-metallurgy  of  iron  and  steel.  The  whole  first  day,  May  6, 
will  be  devoted  to  this  subject.  On  the  evening  of  Thursday  the 
address  of  the  retiring  president,  Dr.  Edward  G.  Acheson,  will  be 
delivered. 

AMERICAN  RAILWAY  ENGINEERING  AND  MAINTENANCE  OF  WAY 
ASSOCIATION 

The  first  session  of  the  annual  meeting  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association  was  held  on  Tues- 
day morning,  March  16,  at  Chicago.  After  the  president's  annual 
address,  reports  of  the  various  committees  were  submitted.  The 
following  officers  for  the  ensuing  year  were  elected: 

President,  William  McNab;  First  Vice-President,  L.  C.  Fritch;  Sec- 
ond Vice-President,  W.  C.  Cushing;  Treasiu-er,  W.  S.  Dawley;  Sec- 
retary, E.  H.  Fritch;  Members  of  Board  of  Directors,  three  years  each, 
A.  H.  Rudd,  A.  W.  Thompson. 

PITTSBURG    FOUNDRYMEN's    ASSOCIATION 

At  the  April  5  meeting  of  the  Pittsburg  Foundrymen's  Association^ 
held  at  the  Fort  Pitt  Hotel,  Efficiency  in  Plant  Organization  and 
Operation  was  discussed.  Harrington  Emerson,  Mem.  Am.  Soc. 
M.  E.,  addressed  the  association  on  Modern  Productive  Relations 
between  Shop  Officials  and  their  Subordinates  and  the  Modern  Theory 
of  Profit  Sharing.     This  was  followed  by  an  interesting  discussion. 

ST.    LOUIS    RAILWAY    CLUB 

At  the  April  9  meeting  of  the  St.  Louis  Railway  Club,  H.  Wade 
Hibbard,  Mem.  Am.  Soc.  M.  E.,  Professor  of  Mechanical  Engineering 
at  the  University  of  Missouri,  presented  a  paper  on  Organization. 
There  was  a  demonstration  of  autogenous  welding  by  oxy-acetylen. 
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NEW  ENGLAND   STREET  RAILWAY  CLUB 

On  ]\Iarch  25  the  New  Enghiiul  Street  Railway  Club  held  its  annual 
meeting  and  banquet  at  the  Hotel  Somerset;  Boston.  W.  D.  Wright 
of  Providence,  R.  I.,  was  elected  president.  D.  L.  Prendergast  of 
Boston  was  toastmaster.  Among  the  speakers  were  James  F.  Shaw, 
J.  F.  Jackson  and  P.  F.  Sullivan. 

NEW    YORK    RAILROAD    CLUB 

On  March  19,  the  annual  electrical  night  of  the  New  York  Railroad 
Club,  the  subjects  generally  discussed  were,  The  Approaching  Trans- 
fer of  the  Electrification  Problem  and  Standardization.  Those  who 
participated  were:  William  McClellan,  Mem.  Am.  Soc.  M.  E.; 
Edwin  B.  Katte,  Mem.  Am.  Soc.  M.  E.;  Henry  G.  Stott,  Mgr.  Am. 
Soc.  M.  E.;  C.  L.  de  Muralt  and  N.  W.  Storer,  of  Pittsburg. 

NEW    YORK    ELECTRICAL    SOCIETY 

A  meeting  of  the  New  York  Electrical  Society  was  held  at  the  New 
York  Hippodrome,  March  31.  At  the  conclusion  of  the  regular  hippo- 
drome performance  the  members  assembled  on  the  stage  and  were 
addressed  by  Arthur  Williams  on  the  Electrical  Equipment  of  the 
Hippodrome. 

PROVIDENCE  ASSOCIATION  OF  MECHANICAL  ENGINEERS 

On  Tuesday  evening,  March  23,  at  the  Technical  High  School  Hall, 
D.  J.  Butts  of  New  York  gave  an  address  on  Electric  Drives  before 
the  Providence  Association  of  Mechanical  Engineers.  The  speaker 
explained  the  advantage  of  electricity  over  belting  both  as  regards 
economy  of  power  and  freedom  from  fire  hazard.  After  the  lecture, 
Mr.  Butts  illustrated  by  means  of  lantern  slides  the  application  of 
motor  drives  to  a  great  variety  of  machines. 

MUNICIPAL    ENGINEERS  OF  THE  CITY  OF  NEW  YORK 

At  the  March  24  meeting  of  the  Municipal  Engineers  of  the  City 
of  New  York,  Herman  W.  Merkel,  Chief  Forester,  New  York  Zoologi- 
cal Park,  presented  a  paper  on  Some  Interesting  American  Trees, 
which  was  illustrated  by  lantern  slides. 
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AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 

The  American  Institute  of  Electrical  Engineers  devoted  their  meet- 
ing in  New  York  April  16  to  a  discussion  of  Industrial  Education. 
A  paper  was  presented  by  Herman  Schneider,  Dean  of  the  College  of 
Engineering  of  the  University  of  Cincinnati,  treating  of  the  Funda- 
mental Principles  of  Industrial  Education. 

Ml-.  Schneider  stated  that  the  problem  is,  what  industrial  training 
should  the  public  schools  give.  It  is  obviously  impossible  to  train 
cMldren  in  the  public  schools  for  all  the  trades  which  the  industries 
of  even  a  small  toAvn  require,  and  who  shall  decide  which  are  the  more 
important  trades,  and  how  shall  public  support  be  obtained  from  all 
sources  to  support  the  training  in  these  few  trades?  There  is  involved 
in  the  problem  justice  to  the  children  and  justice  to  the  taxpayer. 

Mr.  Schneider  offered  as  a  solution  of  the  problem  a  system  of  co- 
operation between  schools  and  factories  for  the  efficiency  training  and 
civic  training  of  young  people  after  they  have  found  their  work. 

He  advocates  a  cooperative  system,'  where  the  technique  or  prac- 
tice is  taught  in  the  shop,  and  the  science  underlying  it  is  taught  by 
skilled  teachers.  Mr.  Schneider  describes  a  cooperative  school  at 
Fitchburg,  Mass.,  where  the  students  are  divided  into  groups  which 
alternate  every  week — one-half  being  in  the  day  school  and  the  other 
half  in  the  factories.  The  course  in  Fitchburg  is  of  five  years'  dura- 
tion, and  at  the  end  of  that  time  the  student  has  been  taught  the 
simple  science  underlying  his  trade,  shop  mathematics,  and  a  certain 
amount  of  cultural  work.  In  addition  he  has  become  a  fair  mechanic. 
The  money  earned  every  alternate  week,  and  during  full  time  in  sum- 
mer, supplies  the  simple  wants  of  the  children  and  enables  them  to 
go  to  school  when  otherwise  they  would  have  to  become  little  bread- 
winners. 

The  directors  of  the  American  Institute  of  Electrical  Engineers  have 
made  the  following  nominations  for  officers  to  be  elected  at  the  annual 
meeting  in  May:  President,  L.  B.  Stillwell,  New  York;  Vice-Presi- 
dents, J.  J.  Carty,  New  ^ork;  Paul  M.  Lincoln,  Mem.  Am.  Soc.  M.  E., 
Pittsburg;  Paul  Spencer,  Philadelphia;  Managers,  A.  W.  Berresford, 
Milwaukee,  W.  S.  Murray,  New  Haven,  H.  H.  Norris,  Ithaca,  S.  D. 
Sprong,  New  York;  Treasurer,  George  A.  Hamilton,  New  York;  Sec- 
retary, Ralph  W.  Pope,  New  York. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS 

The  annual  meeting  of  the  Boston  Society  of  Civil  Engineers  was 
held  at  the  house  of  the  Boston  City  Club  on  Wednesday,  March  17. 
The  reports  of  the  officers  and  the  various  committees  were  submitted 
at  the  business  meeting,  after  which  Pres.  J.  R.  Worcester  delivered 
his  annual  address.  The  officers  elected  for  the  coming  year  are  as 
follows:  President,  Geo.  B.  Francis;  Vice-President,  Charles  T. 
Main,  Mem.  Am.  Soc.  M.  E.;  Secretary,  S.  Everett  Tinkham;  Treas- 
urer, W.  S.  Johnson;  Librarian,  Fred.  I.  Winslow;  Director,  Fred.  H. 
Fay. 

BROOKLYN  ENGINEERS'  CLUB 

At  the  meeting  of  the  Brooklyn  Engineers'  Club  held  April  8,  J.  E. 
Jennings  presented  a  paper  entitled  Steel  Transmission  Towers, 
illustrated  by  lantern  slides,  in  which  he  discussed  their  design,  tests, 
shopwork  and  galvanizing,  shipping  and  erection. 

engineers'  CLUB  OF  PHILADELPHIA 

At  the  April  3  meeting  of  the  Engineers'  Club  of  Philadelphia,  A. 
Fred  Collins  presented  a  paper  entitled.  Wireless  Telegraphing  and 
Telephoning.  The  paper  consisted  of  a  demonstration  of  certain 
forms  of  apjparatus  used  in  this  connection.  The  Junior  Section  of 
the  club  met  on  the  evening  of  April  12.  The  paper  of  the  evening 
was  Mining  and  Prospecting,  presented  by  A.  B.  Richmond.  The 
April  17  meeting  of  the  club  was  devoted  to  a  paper  on  Interurban 
Railways,  by  Benjamin  Franklin.  This  paper  was  illustrated  by 
lantern  slides. 

MODERN  SCIENCE  CLUB 

At  its  meeting  April  6,  in  its  club  house,  the  Modern  Science  Club  of 
Brooklyn  was  addressed  by  Chas.  A.  Lundell,  of  the  Thompson- 
Bonney  Co.,  who  spoke  on  Electric  Motor  Design.  The  speaker 
touched  upon  the  experiments  of  Faraday  and  Siemens,  and  talked  of 
the  theory  underlying  armature  and  field  design,  especially  as  regards 
the  effects  of  the  use  of  various  grades  of  iron  and  steel  in  the  field 
magnets  and  the  armature  core.  He  showed  the  derivation  of  the 
formulae  used,  and  went  through  the  computations  for  the  design  of 
a  motor  as  an  illustration  of  the  principles  explained. 


PERSONALS 

W.  W.  Atterbury,  Mem.  Am.  Soc.  M.E.  ,has  been  made  Fifth  Vice-President 
of  the  Pennsylvania  Railroad.     He  was  formerly  General  Manager. 

John  Lord  Bacon,  Jun.  Am.  Soc.  M.  E.,  has  accepted  a  position  with  R.  P. 
Shields  &  Son,  San  Diego,  Cal.,  as  Engineer  and  Superintendent  of  Construction. 
Mr.  Bacon  is  the  author  of  a  book  recently  published,  Forging:  A  Manual  of 
Instruction  in  Hammering,  Working,  Forming  and  Tempering  of  Iron  and  Steel. 

William  A.  Baehr,  Mem.  Am.  Soc.  M.  E.,  until  recently  associated  with  the 
Laclede  Gas  Light  Co.,  St.  Louis,  Mo.,  as  Chief  Engineer,  has  opened  a  consulting 
engineering  business  with  an  office  in  the  Commercial  National  Bank  Building, 
Chicago,  111. 

Ervin  G.  Bailey,  Jun.  Am.  Soc.  M.  E.,  formerly  Chief  of  Coal  Department  of 
the  Arthur  D.  Little  Laboratory,  Boston,  Mass.,  has  resigned  and  organized  the 
Fuel  Testing  Co.,  220  Devonshire  St.,  Boston.  Associated  with  him  is  W.  B. 
Calkins,  formerly  Chief  Chemist  of  Laclede  Gas  Light  Co.,  St.  Louis,  Mo. 

C.  Kemble  Baldwin,  Mem.  Am.  Soc.  M.  E.,  is  the  author  of  The  Belt  Conveyor 
in  Railway  Building,  which  appeared  in  the  March  26  number  of  The  Railroad  Age 
Gazette. 

An  article  on  Tube  Tiles  used  to  Form  Furnace  Roofs,  by  A.  Bement,  Mem. 
Am.  Soc.  M.  E.,  appeared  in  the  April  6  number  of  Power  and  the  Engineer.  Mr. 
Bement  presented  a  paper  on  The  Illinois  Coal  Field  before  the  April  7  meeting  of 
the  Western  Society  of  Engineers. 

Louis  Bendit,  Assoc.  Am.  Soc.  M.  E.,  formerly  Sales  Manager  of  Weber  Gas 
Engine  Co.,  Kansas  City,  Mo.,  has  recently  been  appointed  by  the  Buckeye 
Engine  Co.,  Salem,  Ohio,  to  take  charge  of  their  Kansas  City  office. 

J.  A.  Bermett,  Mem.  Am.  Soc.  M.  E.,  of  Hartford,  Conn.,  has  accepted  a  posi- 
tion as  Mechanical  Engineer  with  the  Lodge  &  Shipley  Machine  Tool  Co.,  Cincin- 
nati, O. 

Prof.  L.  P.  Breckenridge,  Vice-President,  Am.  Soc.  M.  E.,  is  the  author  of 
The  Development  of  the  Illinois  Experiment  Station,  which  appeared  in  the 
April  8  issue  of  Engineering  News. 

William  H.  Bryan,  Mem.  Am.  Soc.  M.  E.,  delivered  an  address  before  the 
Department  of  Arts  and  Sciences  of  Washington  University,  St.  Louis,  Mo.,  Febru- 
ary 12,  the  subject  being  The  Mechanical  Engineer,  his  Duties,  Responsibilities 
and  Opportunities. 
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W.  E.  Crane,  Mem.  Am.  Soc.  M.  E.,  has  contributed  an  article  on  Standpipes 
for  a  Water  Power  Supply  to  the  April  6  number  of  Power  and  the  Engineer. 

Geo.  H.  Gushing,  Mem.  Am.  Soc.  M.  E.,  is  the  author  of  Boiler  Firing  that 
Saves  Coal,  in  the  April  9  issue  of  The  Canadian  Manufacturer. 

Prof.  Wm.  F.  Durand,  Mem.  Am.  Soc.  M.  E.,  has  just  published  the  second 
edition  of  his  book  on  The  Resistance  and  Propulsion  of  Ships. 

Thomas  C.  Eayrs,  Jun.  Am.  Soc.  M.  E.,  formerly  located  at  Glenbrook,  Corm., 
is  now  in  the  employ  of  the  Westinghouse  Electric  and  Manufacturing  Co.,  Cin- 
cinnati, O. 

Belting  Compared  with  Chain  Transmission,  presented  before  the  Leather 
Belting  Manufacturers  Association,  February  1,  by  Harrington  Emerson,  Mem. 
Am.  Soc.  M.  E.,  was  published  in  the  April  6  issue  of  Power  and  the  Engineer.  Mr. 
Emerson  addressed  the  April  5  meeting  of  the  Pittsburg  Foundrymen's  Associa- 
tion on  Modern  Productive  Relations  between  Shop  Officials  and  their  Subordi- 
nates, and  The  Modern  Theory  of  Profit  Sharing. 

Prof.  R.  H.  Fernald,  Mem.  Am.  Soc.  M.  E.,  of  the  Case  School  of  Applied 
Science,  delivered  a  lecture  on  Producer  Gas  before  the  Milwaukee  Engineers, 
Society,  March  25. 

Fred.  B.  Franks,  Mem.  Am.  Soc.  M.  E.,  recently  resigned  his  position  as 
General  Superintendent  and  Chief  Mechanical  Engineer  of  the  Bath  Portland 
Cement  Co. 

Jos.  Leon  Gobeille,  Mem.  Am.  Soc.  M.  E.,  until  recently  Superintendent  of  the 
Pattern  Department,  Abram  Cox  Stove  Co.,  Philadelphia,  Pa.,  has  become  Pro- 
prietor of  the  Gobeille-Harris  Pattern  Co.,  Niagara  Falls,  N.  Y. 

Harris  R.  Greene,  Assoc.  Am.  Soc.  M.  E.,  formerly  with  the  Parson  Mfg.  Co., 
New  York,  has  accepted  a  position  with  the  Alberger  Condenser  Co.,  New  York,  as 
Sales  Engineer. 

Edwin  Jos.  Haddock,  Mem.  Am.  Soc.  M.  E.,  has  opened  offices  in  the  Schultz 
Building,  Columbus,  Ohio,  to  engage  in  the  general  practice  of  engineering. 
He  was  formerly  Chief  Engineer  of  the  Chain  Department  of  the  Jeffrey  Mfg. 
Co.,  of  Columbus. 

The  name  of  Sir  Robert  A.  Hadfield,  Mem.  Am.  Soc.  M.  E.,  appears  in  the 
list  of  fifteen  candidates  recommended  for  election  as  fellows  of  the  Royal  Society 
for  1909.  Sir  Robert  is  expected  to  visit  the  United  States  within  the  next  few 
weeks. 

Robert  E.  Hall,  Mem.  Am.  Soc.  M.  E.,  imtil  recently  Secretary  of  the  New 
York  Steam  Fitting  Co.,  New  York,  has  become  Assistant  to  the  Vice-President 
of  Francis  Bros.  &  Jellet,  Inc.,  Philadelphia,  Pa. 
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Orla  K.  Harlan,  Jun.  Am.  Soc.  M.  E.,  formerly  with  the  Lackawamia  Railroad 
Co.,  Scranton,  Pa.,  is  now  in  the  department  of  engineering  and  construction  and 
in  the  mechanical  division,  Isthmian  Canal  Commission,  Culebra,  Canal  Zone, 
Panama. 

Prof.  H.  Wade  Hibbard,  Mem.  Am.  Soc.  M.  E.,  presented  a  paper  on  Organi- 
zation, at  the  April  9  meeting  of  the  St.  Louis  Railway  Club. 

George  O.  Hodge,  Jun.  Am.  Soc.  M.  E.,  is  now  connected  with  the  Bristol 
Engineering  Corporation,  Bristol,  Conn. 

F.  W.  Hollmann,  Jun.  Am.  Soc.  M.  E.,  is  the  author  of  An  Analysis  of  Steam 
and  Inertia  Forces,  which  was  published  in  the  April  6  issue  of  Power  and  the 
Engineer. 

J.  E.  Johnson,  Jr.,  Mem.  Am.  Soc.  M.  E.,  has  resigned  his  position  as  General 
Manager  of  the  Princess  Furnace  Co.,  Glen  Wilton,  Va. 

Forrest  R.  Jones,  Mem.  Am.  Soc.  M.  E.,  has  published  a  book  on  The  Gas 
Engine. 

Robert  R.  Keith,  Jun.  Am.  Soc.  M.  E.,  recently  Superintendent  and  Assis- 
tant Manager  for  the  Light  Feed  Oil  Pump  Co.,  has  resigned  to  accept  a  position 
with  the  A.  O.  Smith  Co.  of  Milwaukee,  Wis.,  as  Assistant  Superintendent. 

Sidney  G.  Koon,  Jun.  Am.  Soc.  M.  E.,  imtil  recently  editor  of  International 
Marine  Engineering,  has  associated  himself  with  the  Jones  &  Laughlin  Steel  Co. 

Fred.  A.  Krehbiel,  Assoc.  Am.  Soc.  M.  E.,  is  no  longer  associated  with  the 
Arnold  Co.,  Chicago,  111.,  as  Mechanical  Engineer.  He  has  accepted  a  similar 
position  with  the  Fuel  Engineering  Co.,  of  Chicago. 

Henry  A.  Lardner,  Mem.  Am.  Soc.  M.  E.,  has  been  made  Manager  of  the 
branch  office  of  J.  G.  White  &  Co.,  Inc.,  with  an  office  in  the  Alaska-Commercial 
Building,  San  Francisco,  Cal.  He  was  formerly  connected  with  the  New  York 
office  of  this  company  as  General  Manager  of  Engineering. 

Paul  M.  Lincoln,  Mem.  Am.  Soc.  M.  E.,  has  been  elected  one  of  the  vice-presi- 
dents of  the  American  Institute  of  Electrical  Engineers. 

Charles  T.  Main,  Mem.  Am.  Soc.  M.  E.,  has  been  elected  Vice-President  of  the 
Boston  Society  of  Civil  Engineers. 

The  second  edition  of  Steam  Boilers,  by  Prof.  Edw.  F.  Miller,  Mem.  Am.  Soc. 
M.  E.,  and  Prof.  C.  H.  Peabody,  has  just  appeared. 

Elements  of  Machine  Manufacture,  by  Fred  J.  Miller,  Manager,  Am.  Soc. 
M.  E.,  appeared  in  the  April  issue  of  Machinery. 
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George  A.  Orrok,  Mem.  Am.  Soc.  M.  E.,  Secretary  of  the  Gas  Power  Section, 
addressed  the  members  of  the  Brooklyn  Polytechnic  Institute,  March  6,  on  the 
development  of  the  large  gas  engine  in  connection  with  blast  furnace  operation. 

Henry  E.  Paine,  Jun.  Am.  Soc.  M.  E.,  formerly  Secretary  and  Treasurer  of 
the  Walter  R.  Horning  Co.,  has  recently  become  connected  with  Hughson  & 
Merton,  Inc.,  San  Francisco,  Cal.,  and  will  be  in  charge  of  a  new  department 
created  to  handle  a  number  of  accoimts  for  Eastern  manufacturers  of  electrical 
lines. 

William  N.  Parsons,  Mem.  Am.  Soc.  M.  E.,  formerly  connected  with  the  W.  P. 
Davis  Machine  Co.,  Rochester,  N.  Y.,  has  become  Chief  Draftsman  of.the  Buffalo 
Bolt  Co.,  at  North  Tonawanda,  N.  Y. 

Jos.  L.  Pitkin,  Assoc.  Am.  Soc.  M.  E.,  until  recently  with  the  Lane  Mills, 
New  Orleans,  La.,  is  at  present  the  Southern  representative  of  A.  Klipstein  &  Co., 
New  York,  with  an  office  in  Atlanta,  Ga. 

An  article  on  Machine  Tools,  by  L.  R.  Pomeroy,  Assoc.  Am.  Soc.  M.  E.,  was 
published  in  the  April  issue  of  The  American  Engineer  and  Railroad  Journal. 

H.  F.  J.  Porter,  Mem.  Am.  Soc.  M.  E.,  has  been  giving  during  the  winter  a 
course  of  lectures  in  the  School  of  Commerce  and  Finance  of  New  York  University . 
He  has  also  delivered  two  lectures  in  the  Graduate  School  of  Business  Adminis- 
tration at  Harvard  University.  An  article  by  him  on  The  Employer,  the  Employee 
and  the  Community  is  published  in  the  first  number  of  the  new  magazine.  Indus- 
trial Engineering,  which  has  just  apjoeared. 

Samuel  W.  Powel,  Mem.  Am.  Soc.  M.  E.,  Assistant  Mechanical  Engineer, 
American  Radiator  Co.,  has  been  transferred  from  the  Buffalo  to  the  Chicago 
office. 

W.  P.  Pressinger,  Assoc.  Am.  Soc.  M.  E.,  who  recently  resigned  as  General 
Manager  of  the  Compressor  Department  of  the  Chicago  Pneumatic  Tool  Co.,  has 
organized  the  W.  P.  Pressinger  Co.,  to  handle  vacuum  cleaning  machines.  The 
new  company  has  opened  offices  and  salesrooms  at  1  W.  34th  St.,  New  York,  and 
will  establish  local  agencies  at  all  distributing  points  throughout  the  Eastern 
territory. 

An  article  by  D.  T.  Randall,  Mem.  Am.  Soc.  M.  E.,  on  The  Selection  of  Coal 
for  Boiler  Purposes,  appeared  in  the  April  6  number  of  Power  and  the  Engineer. 
This  paper  was  read,  at  the  Illinois  Coal  Conference,  held  March  10,  11  and  12. 

Frederick  Ray,  Jun.  Am.  Soc.  M.  E.,  has  contributed  an  article  on  Charac- 
teristics of  the  Turbine  Pump  to  the  March  23  issue  of  Power  and  the  Engineer. 

The  second  edition  of  a  Text-book  of  Mechanical  Drawing  and  Elementary 
Machine  Design,  by  John  S.  Reid,  Mem.  Am,  Soc.  M.  E.,  and  David  Reid,  has 
recently  been  published. 


SOCIETY    AFFAIRS  39 

A.  G.  Robb,  Mem.  Am.  Soc.  M.  E.,  has  contributed  an  article  on  Jigs  and  Fix- 
tures for  Connecting-rod  Work  to  the  April  15  issue  of  The  American  Machinist, 

Robert  W.  Rogers,  Jun.  Am.  Soc.  M.  E.,  formerly  with  Jason  Bros.,  New  York, 
is  now  with  the  Pioneer  Publishing  Co.,  New  York. 

Max  Rotter,  Mem.  Am.  Soc.  M.  E.,  delivered  a  lecture  March  25,  on  Low. 
pressure  Steam  Turbines  before  the  Engineering  Society  at  West  Allis,  Wis. 

David  B.  Rushmore,  Mem.  Am.  Soc.  M.  E.,  addressed  the  April  2  meeting  of 
the  Pittsfield  Section  of  the  American  Institute  of  Electrical  Engineers  on  The 
Use  of  Electricity  in  the  Steel  Mills. 

Theodore  Stebbins,  Mem.  Am.  Soc.  M.  E.,  who  has  recently  resigned  as 
General  Manager  of  the  Texas  Traction  Co.,  Dallas,  was  the  principal  speaker  at 
a  meeting  and  entertainment  given  last  month  to  ex-President  Charles  W. 
Eliot  of  Harvard  University,  at  the  Agricultural  and  Mechanical  College  of  Texas. 
The  subject  of  Mr.  Stebbins'  address  was  Electric  Railways. 

William  N.  Stevens,  Jun.  Am.  Soc.  M.  E.,  is  no  longer  associated  with  Ford 
Bacon  &  Davis,  New  York,  He  has  been  appointed  Vice-President  of  the  Convey- 
ing Machinery  Co.,  New  York, 

Wilson  E.  Symbns,  Mem,  Am,  Soc.  M.  E.,  has  been  appointed  Superintendent 
of  Motive  Power  and  Machmery  of  the  Chicago  Great  Western.  For  several 
years  he  has  been  President  of  the  Pioneer  Cast  Steel  Truck  Co.,  Chicago,  111, 

An  article  on  Milling  Machine  Tests,  by  Percy  V.  Vernon,  Mem.  Am.  Soc.  M, 
E.,  has  been  published  in  the  March  16  number  of  The  Engineer,  London. 

Charles  E.  Waddell,  Mem.  Am.  Soc.  M.  E.,  will  deliver  a  course  of  lectures 
before  the  Biltmore  Forest  School,  Biltmore,  N.  C,  on  the  subject  of  the  applica- 
tion of  the  electric  drive  to  woodworking  machinery, 

Thos.  D.  West,  Mem.  Am.  Soc.  M.  E.,  has  resigned  the  office  of  Vice-President 
and  Secretary  of  the  Thos.  D.  West  Foundry  Co.,  Sharpsville,  Pa. 

C.  T.  Wilkinson,  Jun.  Am.  Soc.  M.  E.,  has  contributed  an  article  on  The 
Hydroelectric  Plant  of  the  Schenectady  Power  Co.,  to  the  March  27  number  of 
The  Electrical  Review  and  Western  Electrician. 

Reginald  A.  Wright,  Mem.  Am.  Soc.  M.  E.,  has  entered  the  service  of  the 
Philadelphia  &  Reading  Coal  and  Iron  Co.,  Pottsville,  Pa.,  in  the  capacity  of 
Chief  Draftsman.  Until  recently  he  was  associated  with  the  Jenckes  Machine  Co., 
Sherbrooke,  Que.,  as  Chief  Engineer, 


THE  SPECIFIC  VOLUME  OF  SATURATED 

STEAM 

By  Prof.  C.  H.  Teabody/  Boston,  Mass. 
Non-Member 

For  many  years  the  specific  volume  of  saturated  steam  has  been 
computed  from  the  thermodynamic  equation 

r        1      ^ 
AT    dp^ 
dt 

in  which  the  quantities  have  the  following  significance: 

5  is  the  specific  volume,  for  example  the  volume  in  cubic 

meters  of  one  kilogram, 
r  is  the  heat  of  vaporization  in  calories. 
T  is  the  absolute  temperature  obtained  by  adding  273  to  the 

temperature  by  the  centigrade  thermometer. 

^  is  the  differential  coefficient  of  the  pressure  with  regard  to 
dt 

^  the  temperature,   the   pressure  being  in   kilograms  per 

square  meter. 

a  is  the  specific  volume  of  water  (0.01  cubic  meters  [per  kg. 

2  For  this  paper  French  units  are  used  because  the  original  data 
are  given  in  them  and  comparison  with  experimental  values  is  con- 
venient. 

3  All  the  quantities  entering  into  this  equation  are  now  deter- 
mined with  a  certainty  and  precision  that  must  be  considered  satis- 
factory for  engineering  purposes  and  a  comparison  with  experimental 
determinations  of  the  specific  volume  shows  an  exceptionally  good 
concordance. 

'  Professor  Naval  Architecture  and  Marine  Engineering,  Mass.  Inst.  Tech. 
To  be  presented  at  the  Washington  Meeting  (May   1909)  of  The  American 
Society  of  Mechanical  Engineers.     All  papers  are  subject  to  revision. 
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4  To  make  the  exposition  of  this  statement  clear.it  is  necessary 
to  review  the  experimental  data  and  to  state  the  precision  that  can 
properly  be  attributed  to  them. 

5  The  mechanical  equivalent  of  heat  as  determined  by  Rowland' 
may  be  taken  as  427  meter-kilograms  (778  foot  pounds)  at  15  deg. 
cent.,  which  corresponds  nearly  with  62  deg.  fahr.  There  have  been 
more  recent  investigations  which  on  the  whole  confirm  this  result, 
though  there  is  some  indication  that  it  is  a  trifle  small.  The  uncer- 
tainty may  be  one  in  a  thousand  or  one  in  two  thousand. 

6  Callendar^  gives  for  the  absolute  temperature  of  freezing  point 
273.1  deg.  cent.,  with  a  probable  error  of  one  in  two  thousand. 

7  For  the  range  of  temperature  from  30  deg.  to  100  deg.  Henning^ 
gives  the  equation 

V  =  94.210  (365  -  t)  «-^i249 

in  calories  at  15  deg.  cent.  In  English  units  the  equation  may  be 
written 

V  =  141.124  (689  -  t)  «-3i249 

Experiments  by  Dieterici,"*  Grifhths''  and  A.  C.  Smith^  confirm  his 
results  and  extend  the  equation  to  freezing  point.  The  probable 
error  of  this  equation  is  one  in  one  thousand. 

8  In  his  paper,  The  Total  Heat  of  Saturated  Steam,  read  at  the 
Annual  Meeting,  1908,  Dr.  Harvey  N.  Davis  gives  for  the  total  heat 
of  steam  from  212  deg.  to  400  deg.  fahr. 

H    =  //,i2  +   0.3745  {t   -  212)  -  0.000550  (t   -   212)- 

Transformed  into  French  units  this  may  be  written 

H  =  638.9  +  0.3745  {t  -  100)  -  0.00099  {t  -  100)== 

provided  that  the  constant  term  be  taken  as  the  sum  of  Henning's 
value  for  r  at  100  deg.  cent,  and  the  heat  of  the  liquid  be  taken  as 
100.2,  according  to  a  consideration  to  be  taken  up  later  in  this  paper. 
To  conform  with  the  conditions  already  accepted,  this  equation 
should  give  the  toal  heat  in  calories  at  15  deg.  cent.,  while  Dr.  Davis 
used  for  the  calories  1/100  of  the  heat  required  to  raise  one  kilogram 

'  Proc.  Am.  Acad.,  vol.  15  (n.s.  7),  1879. 

-  Phil.  Mag.,  Jan.  1903. 

'Annaleii  der  Physik,  vol.  21,  p.  849,  1906. 

*  Annalen  der  Physik,  vol.  16,  p.  912,  1905. 
M  hil.  Tians.,  186,  p.  261,  1895. 

•  Physical  Review, vol.  25,  1907. 
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of  water  from  freezing  to  boiling  point.  The  difference  amounts  to 
2/1000,  as  indicated  by  the  heat  of  the  liquid  just  mentioned 
(q  =  100.2).  Now  the  total  heats  at  100  deg.  and  200  deg.  cent, 
are  638.9  and  666.5,  and  their  difference  is  29.6  calories,  so  that 
the  total  effect  is  less  than  one-tenth  of  a  calorie. 

9  As  for  the  heat  of  the  liquid  we  have  the  three  following  sources 
of  information: 

a  Barnes'*  determinations  of  the  specific  heat  of  water  from  0 
deg.  to  95  deg.  cent. 

b  Dieterici's^  determinations  of  the  same  property  from  freez- 
ing point  to  very  high  temperatures. 

c  Regnault's^  determinations  of  the  heat  of  the  liquid. 
Barnes'  experiments  were  made  by  an  electrical  method  for  which 
great  relative  precision  is  claimed,  and  they  showed  a  good  concord- 
ance with  Rowland's  work  on  the  mechanical  equivalent,  which  in 
reality  was  an  investigation  also  of  the  specific  heat.  Dieterici's 
investigation  consisted  essentially  in  heating  water  in  a  quartz  tube, 
which  was  then  transferred  to  the  ice  calorimeter.  His  results  appear 
to  be  systematically  larger  than  Barnes';  at  95  deg.  cent.,  the  dis- 
crepancy is  y\  of  1  per  cent. 

10  In  1907  the  author  endeavored  to  join  Regnault's  values  for 
the  heat  of  the  liquid  to  those  deduced  from  Barnes'  values  of  the 
specific  heat.  Now  Regnault's  experiments  consisted  in  running  hot 
water  into  a  calorimeter  partly  filled  with  cold  water  and  noting  the 
rise  of  temperature  in  the  calorimeter.  There  were  40  tests  in  all, 
scattered  irregularly  from  about  100  deg.  to  190  deg.  cent,  for  the 
temperature  of  the  hot  water;  there  were  in  a  way  three  groups  of 
tests,  one  near  110  deg.,  one  near  160  deg..  and  the  third  near  190 
deg.  cent. 

11  The  average  rise  of  temperature  in  the  calorimeter  for  the  first 
group  was  not  far  from  9  deg.  cent.,  which  item  appears  to  account 
for  the  considerable  irregularity  of  results  at  that  place.  The 
experiments  with  the  highest  temperatures  had  nearly  twice  that 
rise  of  temperature  in  the  calorimeter  and  about  half  the  dispersion 
of  results. 

12  In  order  to  use  Regnault's  results  his  values  for  the  heat  of 
the  liquid  were  recomputed,  allowing  for  the  true  specific  heat  of  the 
water  in  the  calorimeter,  and  then  a  diagram  was  plotted  as  shown 

»  Phys.  Review,  vol.  15,  p.  71,  1902. 

'  Annalen  der  Physik,  vol.  16,  p.  59.3,  1905. 

*  Memoirs  de  I'lnstitut  de  France,  vol,  26. 


598 


SPECIFIC   VOLUME   OF   SATURATED    STEAM 


by  Fig.  1,  in  which  the  abscissae  are  temperatures  and  the  ordinates 
are  values  oi  q  —  t. 

13  This  allows  of  the  use  of  a  large  vertical  scale  which  much 
accentuates  the  apparent  scattering  of  points.  A  curve  was  then 
drawn  to  join  a  curve  from  0  deg.  to  100  deg.  cent.,  from  Barnes' 
results  for  the  specific  heat  of  water.  This  curve  passes  near  the 
highest  group  of  points,  above  the  middle  group  and  below  the  lowest 
group. 

14  It  should  be  said  that  Barnes'  results  were  first  transformed 
to  allow  for  the  use  of  62  deg.  fahr.  for  the  standard  temperature, 
instead  of  20  deg.,  which  he  had  taken  in  his  report;  also  that  his 
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Fig.  1.     Recomputation  of  Regnault's  Experiments  on  the  Heat  of  the 

Liquid  of  Water 

values  were  slightly  increased  at  temperatures  approaching  100  deg. 
so  as  to  avoid  a  break  in  the  curve.  The  last  had  the  effect  of  increas- 
ing the  heat  of  the  liquid  at  100  deg.  by  one  one-thousandth. 

15  Finally  a  table  of  specific  heats  was  drawn  off  for  temperatures 
from  0  deg.  to  220  deg.  cent.,  which  served  as  the  basis  of  a  graphical 
integration  for  the  value  of  ^  —  ^  Fig.  2  gives  the  curve  represent- 
ing the  final  value  of  this  quantity  and  also  a  curve  representing 
values  that  would  be  obtained  if  Dieterici's  values  for  the  specific 
heat  were  excepted. 

16  The  author  is  of  the  opinion  that  the  full  curve  in  Fig.  2  shows 
very  nearly  the  true  value  of  the  property  under  consideration,  and 
he  has  used  it  to  determine  heats  of  the  liquid. 
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17  The  maximum  deviation  of  a  single  point  from  the  curve  in 
Fig.  1  is  0.8  of  a  calorie,  which  amounts  to  |  of  1  per  cent  of  the 
heat  of  the  liquid  at  that  point.  If  we  could  consider  that  an  error 
of  0.02  deg.  might  be  attributed  to  the  temperatures  in  the  calorim- 
eter it  would  account  for  one-third  of  that  deviation.  But  to  take 
the  most  pessimistic  view  of  the  situation  and  charge  an  error  of  0.8 
of  a  calorie  against  the  method,  we  may  still  consider  that  for  tem- 
peratures above  boiling-point  the  heat  of  the  liquid  is  always  asso- 
ciated with  the  heat  of  vaporization,  and  that  their  sum  is  more  than 


Temperature  Centigrade 
Fig.  2     Values    of   the    Quantity    {q-t) 

THE  FULL  CURVE  SHOWS  THE  QUANTITY  DEDUCED  FROM  THE  AUTHOR'S  COMBINATION  OF  BARNES' 
EXPERIMENTS  ON  THE  SPECIFIC  HEAT  OF  WATER  WITH  REGNAULT's  EXPERIMENTS  ON  THE 
HEAT  OF  THE  LIQUID,  WHILE  THE  DOTTED  CURVE  SHOWS  RESULTS  FROM  DIETERICl'S  KXPERI- 
MENT8  ON  THE  SPECIFIC   HEAT  OF  WATER. 


630  calories,  so  that  the  deviation  in  this  light  amounts  to  J  of  1 
per  cent. 

18  A  more  just  view  is  clearly  to  take  the  deviation  of  the  worst 
group  of  points.  This  occurs  at  117  deg.  and  is  about  0.3  of  a  calorie, 
that  is,  0.25  per  cent  of  the  heat  of  the  liquid.  The  most  favorable 
view  is  to  consider  that  the  upper  end  of  the  curve  is  well  fixed  by  Reg- 
nault's  experiments,  which  were  then  under  the  most  favorable  con- 
ditions, and  that  the  lower  end  is  tied  to  Barnes'  values,  which  have 
all  desired  precision.     This  matter  is  discussed  with  some  detail  be- 
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cause  the  original  experimental  results  needed  to  be  entirely  recast 
for  the  present  purpose. 

19  But  while  important  from  some  aspects,  the  quantities  with 
which  we  are  dealing  are  not  affected  by  uncertainties  that  concern  our 
main  investigation,  i.e.,  the  specific  volume  of  saturated  steam,  for 
the  maximum  variation  between  the  author's  value  for  the  heat  of 
the  liquid,  and  a  value  determined  from  Dieterici's  investigation, 
amounts  to  0.8  of  a  calorie  at  200  deg.  cent.  This  is  only  J  of  1  per 
cent  of  the  total  heat  at  that  place.  However,  we  need  for  our  specific 
volume  the  heat  of  vaporization,  and  the  discrepancy  then  becomes 
i  of  1  per  cent. 

20  Recent  determinations  of  the  pressure  of  saturated  steam  have 
been  made  by  Holborn  and  Henning,^  with  all  the  resources  of  modern 
physical  methods  including  the  platinum  thermometer.  They  claim 
a  precision  of  0.01  deg.  in  the  determination  of  temperature  and  that 


Fig.  3    Curve  to  Extrapolate  Pressure  of  Saturated  Steam  to  220  Deg. 

Cent. 

their  results  reduced  to  the  thermometric  scale  have  a  probable  error  of 
not  more  than  0.02  deg.  at  200  deg.  cent.  Their  own  experiments  cover 
the  range  of  temperature  from  50  deg.  to  200  deg.  cent.  (122  deg.  to 
392  deg.  fahr.),  and  they  have  extrapolated  results  to  205  deg.  cent. 
Below  30  deg.  they  have  made  use  of  experiments  by  Thiesen  and 
Scheel  to  extend  results  to  freezing  points;  these  experiments  were 
not  made  with  the  same  degree  of  precision  as  those  by  Holborn  and 
Henning. 

21  In  order  to  extend  calculations  to  220  deg.  cent.,  as  has  been 
the  habit  in  computing  steam  tables,  the  author  made  use  of  a  dia- 
gram shown  by  Fig.  3,  in  which  the  abscissae  are  temperatures  centi- 


'  Annalen  der  Physik,  vol.  26,  p.  383,  1908. 

Note.  Since  these  results  may  not  be  easily  accessible,  it  may  be  of  interest 
to  say  that  they  have  been  transferred  directly  to  Table  3,  of  the  author's  Steam 
and  Entropy  Tables,  edition  of  1909. 


SPECIFIC    VOLUME    OF    SATURATED    STEAM  601 

grade  and  the  ordinates  are  differences  between  Holborn  and  Hen- 
ning's  value  and  pressures  computed  by  the  following  equation: 
log    p     =    5.457570-0.4120021(9.997411296    -     10)*  "^oo    + 

(7.74168  -  10)  (9.997411296  -  10)*  "^o^ 
which  was  chosen  as  a  matter  of  convenience  and  because  it  gave  a 
curve  which  crossed  the  axis  near  220  deg.  cent,  when  produced.  It 
is  thought  that  the  extrapolated  values  are  not  much  in  error, 
though  there  is  no  means  of  determining  this  question.  Fortunately 
this  part  of  the  range  of  temperature,  as  well  as  that  below  30  deg. 
cent.,    is  not  so  important  to  engineers. 

22  The  degree  of  precision  attained  by  Holborn  and  Henning  in 
the  determination  of  the  pressure  of  saturated  steam  is  far  beyond 
any  direct  technical  requirement,  since  pressures  are  seldom  deter- 
mined closer  than  one-tenth  of  a  pound; it  is,  however,  requisite,  if  the 

cLt) 
differential   coefficient         is  to  be  determined  with    certainty  and 
at 

accuracy. 

23  Since  their  results  are  presented  in  a  table  without  attempting 

to  represent  it  by  an  equation,  it  becomes  necessary  to  replace        by 

dt 

J  V 

-—  which  can  be  most  readily  obtained  as  follows:  for  a  given  tem- 
J  t 

perature,  for  example  100  deg.,  we  may  compute  the  ratio  by  taking 

two  adjacent  temperatures,  such  as  98  deg.  and  102  deg.,  finding  the 

difference  of  pressure,  which  is  to  be  divided  by  the  difference  of 

temperature;  and  the  result  is  to  be  multiplied  by  13.5959,  because 

that  is  the  pressure  of  one  millimeter  of  mercury  on  one  square  meter. 

This  result  is 

'1   =  13.5959  S15:ir  JO!:!  =  3691 
Jt  4 

24  A  number  of  elements  entered  into  the  determination  to  use 
this  method  and  to  take  an  interval  of  4  deg.  If  the  relation  of  the 
pressure  to  the  temperature  could  be  represented  by  a  second-degree 
curve,  that  is,  if  such  a  curve  were  a  parabola  with  its  axis  parallel 

to  the  axis  of  pressure,  the  ratio  —  for  any  interval  would  be  pre- 

Jt 

dx) 
cisely  equal  to   -  .     A  table  of  values  that  could  be  represented  by 
dt 

such  a  curve  would  have  constant  second  differences;  by  second 

differences  are  meant  the  results  obtained  by  taking  (a)  the  differences 
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of  successive  tabular  values,  and  (h)  the  differences  of  these  differences. 
An  examination  of  the  second  differences  of  Holborn  and  Henning's 
values  showed  great  regularity  between  50  deg.  and  100  deg.,  i.e.,  for 
their  own  determinations.  The  second  differences  increased  slowly; 
for  intervals  of  4  deg.  the  increase  was  imperceptible,  for  6-deg.  inter- 
vals the  increase  was  barely  perceptible,  but  for  10-deg.  intervals 
it  was  very  apparent. 

25  Now  the  possible  precision  of  reading  the  height  of  a  column 
of  mercury,  including  allowance  for  variations  of  density,  is  better 
than  the  determination  of  temperature;  consequently  the  prob- 
able error  to  be  considered  is  that  attributed  to  the  determina- 
tion of  temperature,  namely  0.01  deg.,  consequently  the  probable 

error  of  a  single  determination  of  the  ratio  --^.     To  diminish  the 

Jt 

effect  of  local  variations  this  ratio  was  computed  for  each  degree  of 
temperature  and  the  regularity  of  the  results  thus  obtained  was  tested 
by  taking  first  and  second  differences.  Where  the  second  differences 
showed  irregularity,  the  values  of  the  ratio  were  changed  to  the 
extent  of  1/1000  in  order  to  improve  the  regularity  of  the  second  dif- 
ferences. This  process  is  equivalent  to  drawing  a  smooth  or  fair 
curve  to  represent  physical  properties  obtained  by  observation. 

J  p 

26  Having  values  of  the  ratio  — -  for  each  degree  of  temperature 

Jt 

the  specific  volumes  were  computed  by  the  thermodynamic  equation 
in  Par.  1.  They  were  in  turn  tested  for  regularity  by  taking  first 
and  second  differences:  and  again  the  values  were  changed  when 
necessary  to  the  extent  of  1/1000  to  improve  the  regularity  of  the 
second  differences.  The  combined  effect  of  both  fairings  is  esti- 
mated not  to  exceed  1/500  in  any  case  and  the  author  believes  that  the 
probable  error  of  the  final  determinations  of  the  specific  volumes  is 
not  greater  than  that  amount  for  the  range  of  50  deg.  to  200  deg. 
cent. 

27  It  may  further  be  said  that  having  computed  the  values  of  Apu 
at  each  fifth  degree  and  plotted  tlie  results  on  a  large  diagram,  no  indi- 
vidual values  were  found  to  vary  from  a  fair  curve  more  than  1/750. 

28  Fortunately  there  are  extant  experiments  on  the  specific 
volume  of  saturated  steam  by  Knoblauch,  Linde  and  Klebe,*  made 
with  such  a  degree  of  precision  as  to  give  a  satisfactory  check  on  the 
computations  made  by  the  method  described.     These  experiments 

^Mitteilungen  uber  Forschungsarbeiten,  vol.  21,  S.  33,  1905. 
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consisted  in  measuring  the  temperature  and  pressure  of  superheated 
steam  at  constant  volume,  and  the  results  were  so  treated  as  to  give 
the  volume  at  saturation  by  a  straight-line  extrapolation  with  great 
certaint}".  The  experimenters  give  the  following  equation  to  repre- 
sent the  properties  of  both  superheated  and  saturated  steam: 


p  V  =  BT  -  p  (l  +  o  p) 


^^^r  ]-D 

T 


B   =  47.10;  a   =  0.000002;  C  =  0.031;  D   =  0.0052, 
volumes  being  in  cubic  meters  per  kilogram,  pressures  in  kilograms 
per  square  meter,  and  the  absolute  temperature  being  on  the  centi- 
grade scale. 

29     For  English  units  the  equation  may  be  written 


p  u  =  85.85  T  -  p  (1  +0.00000976  p) 


1^°-^°°'°°°  -  0,0833 


the  volumes  being  in  cubic  feet,  the  pressures  in  pounds  per  square 
foot  and  the  temperatures  in  degrees  fahr. 

30  Knoblauch  claims  for  this  equation  a  mean  probable  error  of 
1/500,  though  admitting  individual  discrepancies  of  twice  that  amount. 
This  equation  applied  to  the  computation  of  specific  volumes  of  satur- 
ated steam  shows  a  good  concordance  with  results,  computed  by  the 
thermodynamic  equation,  the  greatest  discrepancy  being  1/300  at  165 
deg.  cent.  (329  deg.  fahr.). 

31  Not  satisfied  with  this  apparent  concordance,  which  after  all 
was  with  an  empirical  equation  which  on  examination  showed  some- 
what larger  variation  from  individual  experimental  values  at  satura- 
tion, the  author  had  a  diagram  drawn  of  the  32  values  of  the  specific 
volume  reported  by  the  experimenters.  The  diagram  was  drawn  to 
a  very  large  scale,  using  temperatures  for  abscissae  and  logarithms 
of  volumes  for  ordinates,  and  a  fair  curve  was  drawn  by  aid  of  a  stiff 
spline.  From  readings  on  this  curve  the  volumes  were  determined 
at  5  deg.  intervals,  and  are  set  down  in  the  accompanying  table 
together  with  values  computed  by  the  thermodynamic  equation. 

32  The  greatest  deviation  of  values  in  this  table  is  0.2  per  cent-, 
which  is  precisely  the  probable  error  assigned  by  the  experimenters 
for  their  work.  It  may  therefore  be  concluded  that  between  the 
limits  of  temperature  in  this  table  and  probably  from  30  deg.  to  200 
deg.  cent.  (86  deg.  to  392  deg.  fahr.),  the  probable  error  of  computa- 
tions by  aid  of  the  thermodynamic  equation  is  not  in  excess  of 
1/500, 


604 


SPECIFIC    VOLUME    OF    SATURATED    STEAM 


COMPARISON  OF  EXPERIMENTAL  AND  COMPUTED  VALUES  OF  THE  SPECIFIC 
VOLUME  OF  SATURATED  STEAM 


s 

1 

Volume,  Cubic  M 

ETERS 

Volume 

,   Cubic  Meters 

Experi- 

Per cent 

Experi- 

Per cent 

mental 

Computed 

deviation 

Eh 

mental 

Computed 

deviation 

100 

1.674 

1.671 

+  0.18 

145 

0.4458 

0.4457 

+  0.0v! 

105 

1.421 

1.419 

+  0.14 

150 

0.3927 

0.3921 

+  0.15 

110 

1.211 

1.209 

+  0.17 

155 

0.3466 

0.3463 

+  0.09 

115 

1.036 

1.036 

0. 

160 

0.3069 

0.3063 

+0.20 

120 

0.8894 

0.8910 

-O.IS 

165 

0.2724 

0.2729 

+  0.18 

125 

0.7688 

0.7698 

-0.13 

170 

0.2426 

0.2423 

+  0.12 

130 

0.6670 

0.6677 

-0.10 

175 

0.2168 

0.2164 

+  0.19 

135 

0.5809 

0.5812 

-0.05 

180 

0.1940 

0.1941 

-0.05 

140 

0.5080 

0.5081 

-0.02 

33  This  conclusion  carries  with  it  the  attribution  of  at  least  the 
same  degree  of  precision  to  all  the  properties  entering  into  the  ther- 
modynamic equation.  A  little  consideration  will  show  that  this  con- 
clusion covers  all  the  properties  given  in  steam-tables  including  the 
entropy.  As  an  apparent  exception  we  have  the  heat  of  the  liquid 
at  high  temperatures  which  may  be  uncertain  to  the  extent  of  I  of 
1  per  cent  of  itself,  but  as  that  quantity  is  then  associated  with  the 
heat  of  vaporization  the  influence  of  such  an  error  will  be  of  no  con- 
sequence in  computations. 

34  It  may  therefore  be  expected  that  steam  tables  based  on  the 
present  information  will  have  permanence. 


AUTOMATIC  FEEDERS  FOR  HANDLING 
MATERIAL  IN  BULK 

By  C.  Kemble  Baldwin,  Chicago,  III. 
Member  of  the  Society 

In  the  writer's  paper  on  the  Belt  Conveyor,  read  before  the  Society 
in  June,  1908,  mention  was  made  of  the  advisability  of  using  some 
type  of  automatic  feeder  when  feeding  a  conveyor  from  bulk,  for 
example,  from  a  storage  bin.  This  brief  mention  of  the  automatic 
feeder  brought  so  many  inquiries  for  information  regarding  feeders 
for  various  materials  that  this  paper  has  been  prepared  in  order  to 
present  a  brief  description  of  the  various  types  now  in  use.  The 
cuts  are  not  intended  to  show  the  construction,  but  to  illustrate  the 
principle  involved,  so  that  they  may  be  compared. 

2  Careful  study  of  this  subject  reveals  the  fact,  so  common  in 
engineering,  that  a  particular  type  of  feeder  has  been  developed  in  a 
certain  industry,  or  locality,  and  is  little  used  elsewhere.  The  types 
illustrated  and  described  below  are  only  those  which  have  come  under 
the  writer's  personal  observation  in  many  processes  and  locations 
within  the  past  fifteen  years.  There  may,  therefore,  be  many  other 
types. 

3  When  handling  dry,  free-flowing  material  such  as  grain,  from 
a  storage  bin  to  a  conveyor,  a  feeder  is  not  required,  as  a  simple  gate 
may  be  set  to  give  the  desired  opening,  thus  allowing  the  proper 
quantity  to  flow  from  the  bin.  Should  the  material  be  of  varying 
size,  such  as  mine-run  coal,  a  simple  gate  is  not  satisfactory  unless 
constantly  attended;  even  then  it  is  impossible  to  get  the  same  con- 
stant, regular  feed  that  a  properly  designed  feeder  gives.  If  the  gate 
is  raised  high  enough  to  allow  a  large  lump  to  pass,  there  usually 
results  a  rush  of  fine  material,  which  floods  the  conveyor  before  the 
gate  can  be  closed.  The  automatic  feeder,  therefore,  not  only  saves 
the  expense  of  an  attendant,  but  insures  a  constant  and  regular  feed, 
irrespective  of  the  size  of  the  material. 

^To  be  presented  at  the  Washington  Meeting  (May,  1909)  of  the  American 
Society  of  Mechanical  Engineers.     All  papers  are  subject  to  revision. 
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Fig.  1     Undercut-Gate  Feeder 


Fig.  2     Lifting-Gate  Feeder 
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Fig.  3    Screw-Conveyor  Feeder 
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4  Fig.  1  shows  the  undercut-gate  feeder,  with  a  body  either  of 
cast-iron  or  steel  plate.  Pivoted  near  the  top  is  the  undercut  gate — 
which  is  swung  back  and  forth  by  a  connecting  rod  from  crank  or 
eccentric.  This  type  of  feeder  is  best  adapted  to  fine-sized,  free-flow- 
ing material.  Material  containing  lumps  is  likely  to  bridge.  As  the 
feed  is  intermittent,  the  feeder  is  generally  used  in  connection  with 
chain  or  bucket  conveyors,  the  strokes  being  timed  to  feed  material 
between  the  flights,  or  into  the  buckets.  The  capacity  may  be 
changed  only  by  changing  the  length  or  the  number  of  strokes.  As 
the  length  of  stroke  is  more  easily  changed,  it  is  preferable  to  use  a 
crank  rather  than  an  eccentric,  as  in  practice  the  quick  return  of  the 
eccentric  has  not  been  found  of  sufficient  value  to  offset  the  great 
advantage  of  a  crank  with  an  adjustable  throw. 

5  The  lifting-gate  feeder,  shown  in  Fig.  2,  also  gives  an  inter- 
mittent feed  and  is  therefore  used  only  with  a  chain  or  bucket  con- 
veyor. The  chute  is  liinged,  so  that  when  down,  the  material  will  flow 
out  of  the  hopper,  but  when  raised  above  the  angle  of  flow  of  the 
material,  the  discharge  is  stopped.  The  moving  of  the  chute  may  be 
accomplished  by  a  connecting  rod  receiving  motion  from  either  crank 
or  eccentric.  This  feeder  will  handle  material  regardless  of  size,  but 
it  must  be  free-flowing  material,  so  that  it  will  move  by  gravity  when 
the  chute  is  lowered  to  the  angle  of  flow.  The  capacity  may  be 
adjusted  by  varying  the  number  of  strokes,  also,  in  a  measure,  by 
increasing  the  length  of  the  stroke,  thus  increasing  the  maximum  angle 
of  the  chute  and  causing  the  material  to  flow  more  quickly. 

6  The  screw-conveyor  feeder,  illustrated  in  Fig.  3,  will  deliver 
a  constant  stream  of  material,  but  in  this  case  also  it  must  be  of  such 
a  nature  that  it  will  flow  by  gravity  to  the  screw.  The  capacity  can 
be  changed  only  by  altering  the  speed  of  the  screw  shaft.  This  type 
of  feeder  has  a  large  field  in  the  handling  of  pulverized  material,  such 
as  coal,  cement,  etc.  ^ 

7  The  roll  feeder,  shown  in  Fig.  4,  is  extensively  used  in  the  mineral 
industries  for  handling  both  large  and  small  materials.  The  roll  is 
so  located  under  the  hopper  that  the  material  will  not  flow  when  the 
roll  is  stationary,  but  when  rotated  it  will  cai-ry  the  material  forward. 
The  capacity  is  determined  by  the  speed  and  width  of  the  roll,  and 
the  thickness  of  the  stream,  as  fixed  by  the  adjustable  gate.? 

8  The  roll  feeder  has  been  successfully  used  in  handling  iron-ore, 
coke  and  stone  from  the  bins  to  the  weigh  cars  for  furnace  changing. 
Edison  used  this  type  for  feeding  ore  and  stone  from  bins  to  crush- 
ing-rolls.    The  disadvantage  is  the  head-room  required,   owing  to 
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Fig.  4     Roll  Feeder 

the  large  roll  necessary  to  satisfactory  operation.  For  handling  mine- 
run  material,  the  roll  should  be  6  ft.  to  8  ft.  in  diameter  and  in  many 
cases  it  is  not  possible  to  obtain  this  space. 

9  The  rotary-paddle  feeder,  Fig.  5,  acts  not  only  as  a  feeder,  but 
as  a  measuring  device.  It  is  used  for  fine  material  which  flows 
readily  from  the  blades.  The  capacity  is  fixed  by  the  speed  of  the 
paddle  shaft. 

10  The  revolving-plate  feeder,  shown  in  Fig.  6,  is  used  mostly 
for  feeding  stamp-mills.  The  inclined  plate  driven  by  gears,  placed 
either  above  (as  shown)  or  below,  moves  the  material  out  of  the  hopper 
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RtVOLVIMG   PV-BTE 


Fig.  6     Revolving-Plate  Feeder 

where  it  is  scraped  off  by  the  skirt-board.  When  the  skirt-board  is 
made  adjustable,  sticky  material  may  be  handled  by  this  feeder 
because  the  curved  plate  will  scrape  the  material  off  the  revolving 
disc  and  into  the  chute.  The  capacity  is  fixed  by  the  speed  of  the 
plate  and  the  location  of  the  adjustable  gate. 

11  Fig.  7  illustrates  the  apron-conveyor  feeder  used  for  handling 
material  of  all  sizes.  The  conveyor  may  be  of  any  of  the  various 
types  of  apron  flights,  depending  on  the  nature  of  the  material  handled. 
The  chain  should  be  provided  with  rollers  or  wheels  traveling  on 


Fig.  7     Apeon-Convbyob  Feeder 
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track  to  prevent  the  apron  from  sagging.     The  capacity  is  fixed  by 
the  speed  of  the  apron  and  the  position  of  the  adjustable  gate. 

12  The  disadvantage  of  this  type  is  tlie  inherent  disadvantage  of 
the  apron  conveyor.  Should  the  flights  become  bent  or  buckled, 
the  material  leaks  through  or  catches  between  them.  It  has  an 
advantage  over  other  feeders  in  that  it  may  be  used  to  carry  the  mate- 
rial a  greater  distance. 

13  A  rubber  or  canvas  belt  may  be  used  in  place  of  the  apron,  in 
which  case  the  belt  is  supported  by  idlers  placed  close  together. 

14  The  swinging-plate  feeder,  shown  in  Fig.  8,  is  used  for  handling 
coal  and  such  material  of  all  sizes.  It  consists  of  two  castings  pivoted 
at  their  tops  and  swung  alternately  so  as  to  move  the  material  forward 
on  the  bottom  plate.     The  plates  are  moved   by  connecting-rods 


Fig.   8    Swinging-Plate   Feeder 


from  a  crank  or  eccentric  through  a  rocker  shaft.  The  capacity  is 
fixed  by  the  length  and  the  number  of  strokes,  but  as  it  is  limited  to 
the  amount  of  material  displaced  by  the  plates,  a  wide  range  is  not 
possible. 

15  The  disadvantages  are  the  lack  of  adjustability  and  the 
tendency  of  the  material  to  pack.  It  will  also  be  noted  that  the 
feeder  is  not  self-cleaning,  so  that  the  bottom  plate  always  contains 
material  which  is  very  liable  to  freeze  in  winter. 

16  The  plunger  feeder,  illustrated  in  Fig.  9,  is  similar  in  operation 
to  the  swinging-plate  feeder  in  pushing  the  material  along  the  bottom 
plate.  The  plunger  may  be  built  either  in  one  or  two  parts,  moving 
ahead  alternately  and  driven  through  a  rocker  shaft,  as  in  the  case 
of  the  one  previously  described.  The  capacity  is  fixed  by  the  number 
and  length  of  the  strokes  and  the  location  of  the  adjusting  gate. 
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This  type  has  the  same  disadvantages  as  the  swinging  plate  feeder, 
the  most  serious  being  that  it  is  not  self-cleaning. 

17  Fig.  10  shows  the  reciprocating-plate  feeder,  consisting  of  a 
plate  mounted  on  four  wheels  forming  the  bottom  of  the  hopper. 
When  the  plate  is  moved  forward,  it  carries  the  material  with  it,  and 
when  it  is  moved  back  the  plate  is  withdrawn  from  under  the  material, 
allowing  it  to  fall  into  the  chute.  The  plate  is  moved  by  a  connect- 
ing rod  from  crank  or  eccentric.  The  capacity  is  determined  by  the 
length  and  number  of  strokes  and  the  location  of  the  gate.  The 
disadvantages  are  the  lack  of  adjustment  and  the  inability  to  clear 
the  feeder  of  material. 

18  The  shaking  feeder.  Fig.  11,  consists  of  the  shaker-pan  located 
under  the  opening  in  the  bottom  of  the  hopper  at  such  an  angle  that 
the  material  will  not  flow  when  the  pan  is  stationary.     When  given 


CONMECTinG    ROD 

Fig.  9     Pltjnger  Feeder 


a  reciprocating  motion  by  the  crank  and  connecting-rod,  the  material 
is  moved  forward  on  the  pan.  The  front  end  of  the  pan  is  carried  by 
a  pair  of  flanged  wheels;  the  back  end  is  suspended  by  two  hanger- 
rods,  each  being  provided  with  a  turn-buckle  so  that  the  angle  of  the 
pan  may  be  varied.  The  crank  having  an  adjustable  length  of  stroke, 
there  are  three  variables,  viz:  number  of  strokes,  length  of  stroke, 
and  inclination"of  the  pan.  As  the  number  of  strokes  is  difficult  to 
change,  and  the  others  easily  changed,  the  feeders  are  usually  de- 
signed for  about  75  strokes  per  min.,  a  number  determined  by 
experiment.  The  angle  of  the  pan  is  fixed  by  the  capacity  desired 
and  the  nature  of  the  material  handled.  For  coal,  stone,  ore,  etc., 
8  deg.  to  10  deg.  is  sufficient,  while  clay  and  other  sticky  substances 
require' from  15  deg.  to  20  deg.  The  length  of  stroke  varies  from  4  in. 
to  12  in.,  so  that  a  large  range  is  possible. 

19     A  feeder  designed  to  handle  400  tons  per  hr.  of  mine-run  coal 
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Fig.  10     Reciprocating-Plate  Feeder 

was  changed  in  five  minutes  to  deliver  30  tons  per  hr.,  by  sliortening 
the  length  of  stroke  and  lowering  the  pan  until  nearly  horizontal. 

20  Not  only  has  this  feeder  the  widest  possible  range  in  capacity, 
but  it  is  self-cleaning,  a  very  important  feature.  From  the  cut  it 
will  be  noted  that  the  pan  is  placed  under  the  opening  and  the 
material  rests  directly  on  the  pan,  so  that  when  the  pan  is  moved  the 
material  in  the  hopper  is  moved,  which  prevents  the  material  from 
bridging. 

21  Tlije  shaking  feeder  has  none  of  the  disadvantages  of  the 
other  types  for  general  use,  and  possesses  many  advantages  which  the 
others  lack.     Owing  to  its  great  flexibility  it  is  more  easily  standardized 


Fig.  11    Shaking  Feedbb 
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and  will  successfully  handle  practically  any  material,  regardless  of 
size  or  condition.  If  desired  the  bottom  plate  may  be  perforated  to 
screen  out  the  fine  material  thus  acting  as  both  screen  and  feeder. 
This  is  not  possible  with  any  of  the  other  types. 

22  The  power  required  by  all  of  the  types  is  so  small  that  it  is 
not  an  important  consideration.  The  shaking  feeder  mentioned 
above,  which  handled  400  tons  of  coal  per  hr.,  required  but  3.5  h.p. 

23  The  preceding  cuts  and  descriptions  will  give  a  general  idea 
of  the  different  types  and  their  possible  uses,  so  that  an  engineer  may 
readily  choose  the  best  type  for  the  work  to  be  done.  The  point  that 
should  be  kept  in  mind  is,  that  it  is  always  advisable  to  gear  the 
feeder  to  the  conveyor,  crusher,  or  other  machine  which  it  feeds  so 
that  they  will  both  start  and  stop  simultaneously. 


POLISHING  METALS  FOR  EXAMINATION  WITH 
THE  MICROSCOPE 

Bt  Albeet  Kingsbury,  Pittsburg,  Pa. 
Member  of  the  Society 

In  1902  the  writer  made  experiments  to  find  the  most  suitable 
method  of  polishing  samples  of  metals  for  microscopic  examination. 
The  polishing  of  the  surface  is  one  of  the  most  important  as  well  as 
most  troublesome  details  of  metallography,  particularly  when  high 
magnification  is  required. 

2  At  the  outset,  trials  were  made  of  all  the  methods  of  which 
descriptions  have  been  published.  Some  of  those  methods  have  been 
successfully  employed  by  various  metallographists,  as  shown  by 
numerous  reproductions  of  excellent  micro-photographs  in  different 
publications.  Nevertheless  the  writer  did  not  find  any  of  these  free 
from  objectionable  features.  The  ideal  method  should  produce  a 
fairly  flat  surface,  free  from  excessive  relief  of  the  harder  constituents, 
rounded  edges  at  flaws,  or  scratches  and  smearing  of  the  metal.  The 
method  should  be  simple,  the  materials  employed  readily  available, 
and  the  process  as  rapid  as  consistent  with  the  first-named  requisites. 
None  of.  the  published  methods  embodied  all  these  requisites,  nor  is 
a  perfect  method  likely  to  be  found.  However,  the  method  finally 
developed  by  the  writer  appears  to  him  superior. 

3  The  preliminary  trials  were  made  with  rotating  discs  covered 
with  various  materials,  including  canvas,  felt,  silk,  leather,  chamois, 
parchment,  paper,  wood,  pitch,  asphalt,  resin,  shellac,  beeswax,  etc. 
The  polishing  powders  included  commercial  abrasives,  such  as  emery, 
carborundum,  tripoli,  crocus  and  jewelers'  rouge;  also  precipitates, 
such  as  carbonates  and  sulphates  of  the  alkaline  earths.  Attempts 
were  made  to  obtain  fine  finishing-powders  by  the  levigation  process 
from  commercial  abrasives.  These  abrasives  were  tried  both  wetland 
dry  and  with  various  speeds  of  the  discs.     Hand  poUshing  was  also  tried. 

^To  be  presented  at  the  Washington  Meeting  (May  1909)  of  The  American 
Society  of  Mechanical  Engineers.     All  papers  are  subject  to  revision. 
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It  is  needless  to  detail  the  objectionable  features  encountered,  which 
are  probably  familiar  to  all  metallographists. 

4  The  method  finally  adopted  was  the  result  of  two  distinct  dis- 
coveries: (a),  that  ordinary  paraffin  wax  makes  a  good  polishing  bed; 
(6),  that  excellent  polishing-powders  of  certain  grades  are  commer- 
cially available. 

5  The  paraffin  is  used  as  a  facing  for  rotating  discs  of  metal, 
preferably  brass,  about  8  in.  in  diameter.  The  discs  are  grooved  on 
the  flat  face  for  anchoring  the  wax.  To  prepare  the  discs,  they  are 
warmed  to  about  100  deg.  cent.,  and  laid  flat,  and  the  melted  paraffin 
is  poured  on  them  to  a  depth  of  about  ^  in.,  a  removable  ring  or  band 
retaining  the  melted  wax.  The  whole  is  th^n  covered  to  exclude 
dust  and  allowed  to  cool.  After  the  wax  has  solidified  it  may  be 
dipped  in  water  to  hasten  the  hardening.  Since  the  wax  has  very 
little  viscosity  when  melted,  all  hard  foreign  particles,  which  might 
)  )roduce  scratches  in  the  samples,  settle  out  before  the  wax  hardens, 
the  elimination  being  practically  complete.  No  advantage  in  this 
respect  was  gained  by  keeping  the  wax  in  a  fluid  condition  on  the  disc 
for  several  hours  in  an  oven.  After  the  hardening  of  the  wax,  the 
discs  are  placed  on  the  spindle  of  the  polishing  machine  and  the  face 
of  the'wax  is  turned  true  and  flat  by  a  hand-tool. 

6  In  the  writer's  machine  the  spindle  was  horizontal  and  four 
discs  were  used,  for  abrasives  of  progressive  fineness,  two  discs  being 
placed  back  to  back  at  each  end  of  the  spindle.  The  disc  used  for  the 
final  polishing  should  not  be  perforated  and  the  wax  should  be  con- 
tinuous to  the  center  of  the  disc,  as  that  part  is  best  for  the  finishing 
touches  to  the  sample.  This  latter  disc  should  be  at  the  right-hand 
end  of  the  spindle.  The  speed  of  rotation  should  be  about  200  r.p.m. ; 
a  higher  speed  throws  off  the  polishing-powder  with  the  water  used, 
and  a  lower  speed  makes  the  work  too  slow.  A  stationary  sheet- 
metal  strip  about  3  in,  wide  bent  over  the  discs  serves  as  a  screen. 

7  The  polishing-powders,  in  the  order  used,  were  as  follows:  (a) 
commercial  flour  of  emery;  (b)  washed  Naxos  emery,  3/0  grade;  (c) 
washed  Naxos  emery,  7/0  grade;  (d)  soft  optical  rouge,  light  grade, 
these  were  obtained  from  the  George  Zucker  Co.,  New  York,  except 
the  first,  which  is  available  everywhere. 

8  The  emery  powders  were  mixed  to  a  paste  with  water  in  tall 
glass  jars  provided  with  covers;  the  paste  was  applied  to  the  rotating 
discs  with  small  brushes  as  required,  the  brushes  being  kept  in  the 
jars  when  not  in  use.  The  rouge  was  in  cake  form,  best  applied  by 
holding  a  small  piece  in  the  hand,  wetting  both  the  rouge  and  the  wax, 
and  pressing  the  rouge  lightly  against  the  rotating  surface. 


POLISHING    METALS    FOR    EXAMINATION  617 

9  A  small  quantity  of  water  is  required  throughout  the  polishing 
process,  but  water  cannot  be  used  very  freely  without  wasting  the 
powders.  The  water  is  best  applied  as  required,  from  an  ordinary 
chemist's  wash-bottle,  held  in  the  left  hand  while  the  right  hand 
manipulates  the  sample.  No  water-pipes  or  drains  are  required  for 
the  polishing  machine.  Distilled  water  may  be  used  if  available. 
If  tap-water  is  used,  it  should  be  drawn  into  large  jars  provided  with 
covers  and  siphons,  and  allowed  to  stand  a  day  or  more  before  use, 
in  order  that  all  gritty  particles  in  suspension  may  be  deposited. 
The  inner  ends  of  the  siphon  tubes  should  be  at  least  3  in.  above  the 
bottom  of  the  jars. 

10  The  treatment  of  the  samples  is  as  follows:  the  samples  are 
first  dressed  to  shape  and  size  by  any  convenient  method,  the  surface 
to  be  polished  made  flat  by  an  emery  wheel  or  file,  and  the  sharp 
edges  rounded  to  prevent  cutting  into  the  wax.  The  dimensions  of 
the  samples  should  depend  to  some  extent  upon  the  coarseness  of 
structure.  For  normal  iron  and  steels,  and  for  much  other  work, 
a  |-in.  cube  is  a  convenient  sample.  Massive  castings  sometimes  have 
grains  an  inch  or  more  in  diameter,  and  correspondingly  large  samples 
are  required.  The  samples  are  held  flat  against  the  waxed  discs, 
which  are  kept  well  covered  by  the  polishing-paste,  using  successively 
the  flour  of  emery,  the  3/0  emery,  the  7/0  emery,  and  the  rouge,  on  the 
several  discs.  At  each  grinding  with  emery  the  sample  should  be 
held  without  rotation  and  with  a  slow  transverse  motion  across  the 
face  of  the  disc  until  the  grinding  marks  show  over  the  entire  surface. 
The  sample  may  then  be  given  a  quarter  turn,  so  that  the  new  marks 
cross  the  old  ones,  and  so  on.  The  discs  must  be  kept  wet  continu- 
ally wliile  grinding.  With  each  grade  of  powder  the  grinding  should 
continue  for  some  time  after  the  marks  of  the  last  previous  grade 
have  disappeared,  especially  with  soft  metals,  since  the  scratches 
cause  a  flow  or  disturbance  of  the  metal  to  a  minute  depth  below  the 
surface,  and  if  this  disturbed  metal  is  not  ground  off,  the  deep  effect 
of  the  scratches  becomes  apparent  on  etching.  In  the  final  polishing 
on  the  rouge  disc,  the  sample  should  be  continuously  rotated;  this  is 
most  readily  done  by  moving  the  sample  nearly  in  a  circle  about  the 
center  of  the  disc  in  an  opposite  direction  from  the  rotation  of  the  disc. 
This  keeps  the  direction  of  the  grinding  marks  constantly  changing, 
and  avoids  grooving.  The  finishing  should  be  done  near  the  center 
of  the  disc,  the  slower  motion  being  most  effective  for  very  fine  polish- 
ing. After  grinding  with  one'grade  of  powder  and  before  proceeding 
to  the  next,  the  samples  and  the  operator's  hands  should  be  thor- 
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oughly  washed;  and  the  hands  and  the  apparatus  should  be  kept  free 
of  dust  or  dirt,  to  secure  a  pohsh  free  from  scratches. 

11  The  most  important  item  to  be  noted  by  the  beginner  is  the 
habiUty  of  the  paraffin  to  adhere  to  the  samples  when  the  grinding 
is  begun,  particularly  in  the  case  of  the  rouge  disc.  When  the  sample 
is  first  brought  into  contact  with  the  disc,  especially  if  the  latter  has 
been  freshly  prepared,  the  paraffin  nearly  always  smears  over  the 
surface  of  the  sample  in  a  second  or  two,  and  if  the  sample  is  not 
removed  and  cleaned  at  once  the  result  is  a  roughened  disc,  requir- 
ing re-turning  with  the  hand-tool  and  re-application  of  the  paste. 
Therefore  the  sample  should  at  first  be  touched  very  lightly  to  the 
disc,  and  at  once  removed  and  wiped  with  the  finger,  or  with  a  cloth. 
If  this  is  repeated  several  times,  the  surface  of  the  sample  will  no 
longer  become  coated  with  paraffin  but  can  be  ground  continuously, 
except  when  a  fresh  coating  of  paste  is  required  by  the  disc.  One 
great  advantage  of  the  paraffin  disc  over  discs  covered  with  cloth  or 
felt,  is  that  if  the  disc  becomes  roughened  or  cut,  it  can  readily  be 
turned  smooth  and  true  again. 

12  For  cleaning  the  samples  after  polishing,  the  best  material  is 
a  stock  of  old  linen  or  cotton  cloth  well-laundered  and  cut  to  .3-in. 
squares.  These  small  pieces  are  preferable  to  larger  ones,  since  they 
can  be  discarded  for  fresh  ones  after  once  using.  The  old  cotton  or 
linen  is  also  the  best  material  for  cleaning  the  lenses  and  mirrors  of 
the  optical  apparatus,  being  superior  to  chamois  for  this  purpose. 

13  The  time  required  for  polishing  a  sample  varies  somewhat 
with  the  hardness.  A  single  sample  of  normal  steel,  cast-iron,  or 
wrought-iron,  may  be  finished  in  fifteen  minutes;  a  set  of  five  or  six 
such  samples  may  be  finished  in  an  hour.  Hardened  steels  require 
a  slightly  longer  time.  The  method  has  not  thus  far  proved  service- 
able for  very  soft  metals  and  alloys,  particularly  lead,  owing  to  the 
persistent  adhesion  of  the  paraffin  to  the  surface  of  the  sample. 
The  harder  alloys  polish  w^ell  by  this  process.  The  finished  surface 
presents  a  minute  relief  of  the  harder  constituents,  but  much  less 
than  is  produced  by  the  use  of  felt  or  other  very  soft  materials. 

14  The  paraffin  beds  are  more  durable  than  might  be  supposed; 
on  long  standing  at  summer  temperatures  the  surfaces  become  dis- 
torted by  the  flow  of  the  wax,  but  they  can  always  readily  be  made 
true  by  the  turning  tool.  The  harder  paraffin  (ceresin)  offers  no 
advantages  over  ordinary  paraffin,  except  that  it  flows  less  at  sum- 
mer temperatures.  It  is  serviceable  for  use  with  the  emery  powders 
but  too  hard  for  best  results  with  the  rouge. 


A  NEW  TRANSMISSION  DYNAMOMETER 

By  Prof.  Wm.  H.  Kenerson,  Providence,  R.  I. 
Member  of  the  Society 

The  author  has  received  from  time  to  time  many  requests  for  a 
simple  transmission  dynamometer,  and  has  himself  often  felt  the 
need  of  one  which  would  be  more  generally  appUcable  than  those  now 
in  use.  These  continued  requests,  together  with  the  requirements 
of  a  definite  problem  whose  solution  demanded  a  rigid  transmission 
dynamometer  in  the  form  of  a  coupling,  led  to  the  design  and  con- 
struction of  the  instrument  described  below.  The  accompanying 
illustrations  show  the  construction  of  the  dynamometer  and  its 
method  of  application  and  use.  In  Fig.  2  and  Fig.  4  the  correspond- 
ing parts  of  the  dynamometer  are  given  the  same  letters  and  are 
referred  to  in  the  text. 

2  The  couplings  A  and  B,  each  keyed  to  its  respective  shaft,  are 
held  together  loosely  by  the  stud  bolts  C.  The  holes  in  the  flange  A 
are  larger  than  the  studs  C,  so  that  these  studs  have  no  part  in  trans- 
mitting power  from  one  shaft  to  the  other.  The  power  is  trans- 
mitted from  A  to  B  through  the  agency  of  the  latches  L,  four  of 
which  are  arranged  around  the  circumference  of  the  flange  B.  These 
latches  are  mounted  and  are  free  to  turn  on  the  studs  E.  The  two 
fingers  of  the  latches  engage  the  studs  F  on  the  flanged.  On  the 
ends  of  each  latch  are  knife-edges  parallel  to  the  stud  about  wliich 
the  latch  turns.  For  either  direction  of  rotation  of  the  flange  A 
the  latches  L,  which  are  in  effect  double  bell-crank  levers,  will  exert 
a  pressure  on  the  disc  G,  tending  to  force  it  axially  along  the  hub  of 
the  coupling  B,  and  this  pressure,  it  will  be  seen,  is  proportional  to 
the  torque. 

3  Between  the  end-thrust  ball,  or  roller,  bearings  M  M,  is  held 
the  stationary  ring  S,  which  is  the  weighing  member.  0  is  a  thrust- 
collar  screwed  on  the  hub  of  B,  and  P  is  its  check  nut,  which  is  ordi- 
narily pinned  to  the  hub  when  in  position.     The  stationary  member 

To  be  presented  at  the  Washington  Meeting  (May  1909)  of  The  American 
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S,  in  the  form  of  a  ring  surrounding  the  shaft,  is  prevented  from 
rotating  by  fastening  to  some  fixed  object  the  attached  arm  shown 
in  the  view  (Fig.  1)  of  the  assembled  instrument.  In  this  ring  is  an 
annular  cavity  covered  by  a  thin,  flexible  copper  diaphragm  D, 
against  Avhich  the  ball-race  of  one  of  the  thrust-bearings  presses. 
The  edge  of  this  ball-race  is  slightly  chamfered  to  allow  some  motion 


Fig.  1     Dynamometer  for  2-in.  Shaft,  Weight  60  lb. 


to  the  diaphragm.  The  cavity  is  filled  with  a  fluid,  such  as  oil,  and 
connected  by  means  of  a  tube  to  a  gage.  The  oil  pressure  measured 
by  the  gage  is  proportional  to  the  pressure  between  the  thrust-bear- 
ings, which  in  turn  is  proportional  to  the  torque. 

4  The  instrument  may  be  calibrated  in  the  torsion-testing  machine 
or  by  means  of  a  sensitive  friction  brake.  Fig.  6  is  an  actual  cali- 
bration curve  for  a  small  instrument,  obtained  by  hanging  standard 


A    NEW   TRANSMISSION    DYNAMOMETER 


621 


weights  at  proper  distances  from  the  shaft  on  a  horizontal  lever 
attached  to  the  shaft,  and  reading  the  pressures  indicated  by  the 
gage  for  the  various  torques  shown  in  the  diagram.  For  ordinary 
purposes,  however,  it  is  not  necessary  to  calibrate  the  instrument  by 
actual  trial,  since  computations  of  the  oil  pressures  for  the  various 
torques  from  the  lengths  of  the  lever- arms  and  diaphragm  area 
check  very  closely  those  thus  obtained. 

5  It  will  be  seen  that  the  weighing  means  is  similar  to  that 
employed  in  the  Emery  testing-machine,  which  is  recognized  as  being 
extremely  accurate.     It  will  be  possible  to  employ  the  Emery  flexible 


To  Gage 


Fig.  2     Dynamometer  Shown  in  Section 


steel  knife-edges  on  the  levers,  if  desired,  but  this  has  been  found  in 
practice  an  unnecessary  refinement. 

6  The  construction  makes  the  coupling  as  nearly  rigid  as  materials 
will  permit,  the  movement  of  the  diaphragm  being  extremely  small. 
The  only  flow  of  oil  through  the  copper  connecting-pipe  is  that  suffi- 
cient to  alter  the  shape  of  the  Bourdon  tube,  if  that  be  the  form  of 
gage  employed.  As  soon  as  the  normal  position  of  the  gage  is  reached 
this  flow  ceases,  hence  there  can  be  no  fluid  friction.  It  is  possible 
therefore,  to  use  as  long  and  as  small  a  tube  as  desired,  without  intro- 
ducing error.  Where  the  gage  is  placed  at  a  distance  above  or  below 
the  coupling,  correction  should  of  course  be  made  for  the  static  head. 
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7  Other  means  than  the  gage  shown  may  be  employed  to  measure 
the  fluid  pressure.  Where  extreme  accuracy  is  desired  it  will  be  well 
to  employ  the  weighing-device  used  with  the  Emery  testing-machine. 
The  manograph  has  been  used  in  this  connection  to  measure  varia- 
tions in  torque  too  rapid  for  indication  by  the  ordinary  gage.  For 
example,  the  variations  in  torque  in  a  single  revolution  of  the  shaft 
of  a  3-cylinder  gasolene  engine  have  been  recorded  with  its  aid. 

8  Where  the  rate  of  rotation  of  the  shaft  is  variable  and  it  is 


Fig.  5     Dynamometer  Placed  between  Flanges  in  Machine-Shop  Drive 

SHAFT  3  IN.  IN  DIAMETER.       8PIBAL  RUNNING  TO  THE  WALL  18  OIL-PIPE  TO  GAGE 


desired  to  indicate  the  horsepower  direct,  the  combination  of  gage 
and  tachometer  shown  in  Fig.  7  is  employed.  The  hydraulic  gage 
is  connected  to  the  coupling  described,  its  pointer  therefore  indicat- 
ing torque.  The  pointer  of  the  tachometer  shows  the  number  of 
revolutions  per  minute.  Being  a  function  of  the  revolutions  per 
minute  and  the  torque,  the  horsepower  will  be  indicated  by  the  inter- 
section of  the  two  pointers  and  suitable  curves  on  the  dial  as  shown. 
Arrangements  for  recording  or  integrating  the  work  done  may  also  be 
attached  to  the  coupling. 
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Fia.  6     Calibration  Curve  for  Transmission  Dynamometer 


Fig.  7     Combination  Pkessure-Gage  and  Tachometer   Indicating  Torque, 
Revolutions  per  Minute  and  Horse  Power 
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9  A  summary  of  some  of  the  more  important  characteristics  of 
the  instrument  foUows: 

a  The  instrument  is  compact.  The  example  shown  in  Fig. 
3  and  Fig.  4,  which  is  designed  to  transmit  30  h.p.  at  500 
r.p.m.,  is  about  5f  in.  in  diameter  and  weighs  about  25 
lb.  That  shown  in  Fig.  5  driving  a  3-in.  shaft  is  about  13 
in.  in  diameter  and  weighs  about  160  lb. 

b  It  is  as  rigid  as  an  ordinary  flange  coupling. 

c  It  may  be  made  in  the  form  of  a  coupling,  and  will  then 
occupy  about  the  same  space  as  the  usual  flange  coupling, 
or  it  may  be  made  in  the  form  of  a  quill  on  which  a  pulley 
is  mounted.  This  form  may  be  made  in  halves  for  appli- 
cation to  a  continuous  shaft. 

d  It  will  indicate  for  either  direction  of  rotation  of  the  shaft. 

e  The  torque  may  be  read  and  recorded  or  the  work  inte- 
grated at  a  considerable  distance  from  the  coupling. 

/  The  readings  do  not  require  correction  for  different  speeds 
of  rotation.  All  parts  containing  oil  are  stationary,  hence 
are  unaffected  by  variation  in  speed.  Other  parts  are 
likewise  unaffected  by  centrifugal  action. 

g  It  may  be  made  very  sensitive  and  accurate.  The  construc- 
tion lends  itself  very  easily  to  variation  of  range  of  appli- 
cation and  to  varying  degrees  of  sensitiveness,  since  the 
oil  pressure,  and  hence  the  sensitiveness  of  the  instrument, 
depend  upon  the  area  of  the  diaphragm,  the  relative 
lengths  of  the  arms  of  the  latches  L,  and  the  diameter  of 
flanges.  Its  accuracy  is  dependent  mainly  on  the  degree 
of  accuracy  of  the  means  employed  to  measure  the  fluid 
pressure,  of  which  a  number  of  forms,  other  than  the 
usual  pressure-gage,  are  available. 

h  The  only  power  absorbed  is  the  small  amount  due  to  the 
friction  of  the  ball,  or  roller,  bearings,  and  this  can  be 
determined  from  the  pull  of  the  retaining  arm.  It  is 
unnecessary  to  make  correction  for  this,  however,  since 
the  amount  is  so  small  as  to  be  negligible. 

i  Since  the  only  wearing  parts  are  the  ball,  or  roller,  bearings, 
which  may  be  lightly  loaded,  the  instrument  should  not 
be  deranged  easily.  Because  of  the  very  small  volume  of 
oil  contained  in  the  weighing  chamber,  ordinary  tempera- 
ture changes  do  not  affect  the  calibration.  All  parts  con- 
taining oil  are  stationary,  hence  all  joints  may  be  soldered 
and  leakage  entirely  prevented. 


626  A    NEW   TRANSMISSION    DYNAMOMETER 

j  With  suitable  material  and  ordinary  workmanship,  it  is 
believed  that  there  is  little  likelihood  of  failure  of  any 
part  of  the  instrument.  It  is  conceivable,  however,  that 
the  balls  or  rollers,  although  lightly  loaded,  might  crush; 
the  diaphragm  might  shear;  or  the  stationary  member, 
although  bearing  only  its  own  weight  and  lubricated, 
might  seize  to  the'^hub.  Remote  as  are  any  of  these 
possibilities,  shouldjany  or  all  of  them  occur,  the  worst 
that  could  happen  would  be  the  tearing-off  of  the  oil  pipe 
and  retaining  arm,  when  the  whole  would  revolve  as  a 
solid  coupling.  In  no  case  can  the  coupling  fail  to  drive 
the  shaft  because  of  its  variation  from  the  standard  form, 
since,  in  addition  to  the  driving-latches  employed  to 
carry  the  load  normally,  the  same  number  of  connecting 
bolts  may  be  employed  as  in  the  ordinary  coupling,  which 
will  still  hold  the  coupling  together  should  the  latches 
fail.  Since,  however,  these  latches  are  farther  from  the 
shaft,  they  should,  if  properly  constructed,  be  less  likely 
to  fail  than  the  connecting  bolts  usually  employed. 
10  It  is  believed  that  uses  for  the  instrument  here  described  will 
suggest  themselves,  and  it  is  with  the  hope  that  the  device  will  prove 
of  some  interest  to  those  who  deal  with  the  use  and  transmission  of 
power  that  the  matter  is  presented  to  the  Society. 
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SMALL  STEAM  TURBINES 

By  George  A.  Oerok,  New  York 
Member  of  the  Society 

The  papers  upon  steam  turbines  which  have  been  presented  before 
the  Society  have  dealt  mainly  with  the  larger  types  of  apparatus  and 
have  been  written  to  show  the  reliability,  efficiency  and  general 
desirability  of  this  type  of  prime  mover. 

2  This  paper  treats  of  the  smaller  sizes  of  steam  turbines  from 
the  standpoint  of  the  designing  and  operating  engineer,  describing 
the  commercial  machines  in  sufficient  detail,  with  reference  to  the 
service  to  which  they  have  been  applied,  and  giving  certain  facts  con- 
cerning their  operation  which  may  be  of  advantage  to  the  engineer- 
ing profession.  Curves  of  steam  consumption  are  given  which  show 
in  a  general  way  what  may  be  expected  of  these  machines  under  cer- 
tain conditions. 

3  At  the  present  time  seven  machines  are  on  the  market  and  can 
be  obtained  in  various  sizes  from  10  h.p.  to  300  h.p.  with  reasonable 
deliveries.  These  are  the  De  Laval,  Terry,  Sturtevant,  Bliss,  Dake, 
Curtis  and  Kerr  turbines.  Three  other  machines  are  nearly  at  this 
stage  of  development  and  patents  have  been  applied  for  on  several 
others. 

4  Many  thousand  horsepower  of  these  turbines  have  been  sold 
and  are  in  successful  commercial  service.  The  following  reports  of 
total  sales  of  sizes  from  10  h.p.  to  300  h.p.  have  been  obtained  from 
the  manufacturers: 

To  be  presented  at  the  Washington  Meeting  (May  1909)  of  The  American 
Society  of  Mechanical  Engineers.     All  papers  are  subject  to  revision. 

For  further  discussion  of  Steam  Turbines,  consult  Transactions  as  follows: 
Vol.  10,  p.  680,  Notes  on  Steam  Turbines,  J.  B.  Webb;  vol.  17,  p.  81,  Steam  Tur- 
bines, W.  F.  M.  Goss;  vol.  22,  p.  170,  Steam  Turbines,  R.  H.  Thurston;  vol.  24,  p. 
999,  Steam  Turbines  from  the  Operating  Standpoint,  F.  A.  Waldron;  vol.  25,  p. 
1056,  The  De  Laval  Steam  Turbine,  E.  S.  Lea  and  E.  Meden;  vol.  25,  p.  1041, 
The  Steam  Turbine  in  Modern  Engineering,  W.  L.  R.  Emmet;  vol.  25,  p.  782, 
Different  Applications  of  Steam  Turbines,  A.  Rateau;  vol.  25.,  p.  716,  Some  Theo- 
retical and  Practical  Considerations  in  Steam  Turbine  Work,  Francis  Hodgkinson. 
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De  Laval,  De  Laval  Steam  Turbine  Company 70,000  h.p. 

Curtis,  General  Electric  Company 70,000  h.p. 

Terry,  Terry  Steam  Turbine  Company 15,000  h.p. 

Kerr,  Kerr  Turbine  Company 10,000  h.p. 

Sturtevant,  B.  F.  Sturtevant  Company 

Bliss,  E.  W.  Bliss  Company 

Dake,  Dake-American  Steam  Turbine  Co 

5  All  of  these  machines  are  of  the  impulse  type:  that  is  to  say, 
the  steam  is  expanded  in  a  nozzle  and  the  kinetic  energy  of  the  jet  is 
absorbed  by  passing  one  or  more  times  through  the  buckets  of  the 


Fig.  1     High  and  Low-pressure  De  Laval  Turbine 


turbine  rotor.  In  the  De  Laval  turbine  only  one  moving  element 
and  one  steam  pass  are  used,  which  necessitates  a  very  high  bucket 
velocity.  In  the  Terry,  Sturtevant,  Bliss  and  Dake  turbines  a  series 
of  return  passages  is  provided.  The  steam  returns  two  or  more 
times  to  the  same  rotor  and  the  bucket  speed  is  much  lower.  In  the 
Kerr  turbine  the  steam  is  used  in  stages  with  one  bucket  wheel  in  a 
stage;  while  in  most  of  the  Curtis  machines  two  or  three  stages  are 
used  with  two  or  three  rows  of  moving  buckets,  separated  by  station- 
ary guide  blades,  in  each  stage.  Compound  machines  of  the  other 
types  have  been  made  but  are  not  as  yet  produced  Commercially. 

6     By  far  the  larger  number  of  these  machines  is  used  in  connection 
with  extra  high-speed  electric  generators,  the  next  larger  application 
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being  to  centrifugal  fans  for  high  pressures.  Centrifugal  pumps 
adapted  to  high  rotative  speeds  have  been  rather  generally  introduced 
in  the  last  few  years  and  it  is  becoming  usual  to  connect  small  turbines 
direct  to  these  machines.  The  small  space  required  and  the  simplic- 
ity obtainable  in  a  100-h.p.  turbine  at  speeds  of  from  800  to  1200 
r.p.m.  has  been  an  important  factor  in  their  introduction. 

7  The  first  of  the  small  turbines  to  be  put  on  the  market  was  the 
De  Laval,  made  by  the  De  Laval  Steam  Turbine  Company  of  Trenton, 
N.  J.,  and  introduced  in  this  country  about  1896.    This  machine  is  of  the 


Fig.  2     Terry  Steam  Turkine,  oG-in. 


pure  impulse  type;  the  steam  being  expanded  in  the  nozzle  down  to 
the  exhaust  pressure,  and  the  resultant  velocity  transferred  to  the 
wheel  in  one  steam  pass.  The  bucket  speed  is  high,  ranging  from 
600  to  1300  ft.  per  sec.  Eight  sizes  of  wheels  are  made,  generat- 
ing from  10  h.p.  to  500  h.p.,  with  one  nozzle  in  the  smallest  size  and 
eight  or  more  in  the  500-h.p.  size. 

8  The  high  bucket  speed  necessitates  the  use  of  gears  of  special 
construction,  wiiich  have  been  very  successful.  The  design,  construc- 
tion, and  economy  of  this  type  have  been  discussed  in  Vol.  25  of 
Transactions,  p.  1056. 
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9  The  Terry  Turbine,  made  by  the  Terry  Steam  Turbine  Company 
of  Hartford,  Conn.,  has  been  manufactured  for  about  ten  years, 
although  the  commercial  machine  has  been  on  the  market  only  for 
about  four  years.  This  turbine  is  of  the  impulse  type,  but  the  steam 
passes  through  the  buckets  a  number  of  times  before  its  energy  is 
absorbed.  The  case  of  the  machine  is  parted  on  a  horizontal  plane 
through  the  shaft  and  at  right  angles  to  the  wheel.     The  nozzles  and 


Fig.  3     Terry  Turbine  Showing  Construction 


return  passes  are  bolted  to  the  inside  of  both  parts  of  the  casing. 
The  nozzles  are  in  the  plane  of  the  side  of  the  wheel.  The  return 
passages  are  of  brass  and  are  separated  by  partitions.  The  wheel 
itself  is  built  up  of  two  steel  discs  held  together  by  bolts  over  a  steel 
center.  The  buckets  are  built  of  steel  punchings,  fitting  in  grooves 
cut  in  the  discs,  as  shown  by  the  figures.     The  sizes  of  wheels  manu- 
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factured  at  the  present  time  are  12,  18,  24,  36  and  48  in.,  and  the 
number  of  nozzles  varies  from  two  on  the  12-in.  wheel  to  eight  or  ten 
no  the  48-in.  wheel. 

10  The  Sturtevant  Turbine,  made  by  tbe  B.  F.  Sturtevant  Com- 
pany of  Hyde  Park,  Mass.,  has  been  in  the  development  stage  for 
three  or  four  years  and  quite  a  number  of  machines  have  been  sold. 
The  present  type  of  turbine  may  be  called  "  standard, "  however,  and 
four  sizes  of  wheel  are  built,  20,  25,  30  and  36-in.,  developing  from 


Fig.  4     Sectional  View  of  Terry  Turbine 


3  h.p.  to  300  h.p.  The  turbine  is  of  the  multiple-pass  type  similar 
to  the  Riedler-Stumpf.  The  casing  is  cast  solid  with  one  end.  The 
nozzle  and  return  chamber  ring  are  inserted  from  one  side  and  the 
wheel  is  milled  from  the  solid.  The  return  passages  are  from  eight 
to  twelve  in  number  and  are  milled  on  the  inside  of  the  return  cham- 
ber ring.  They  are  partitioned  and  are  similar  in  shape  to  the 
buckets.     The  nozzle  lies  in  the  plane  of  the  side  of  the  wheel. 

11     The  Bliss  turbine,  formerly  known  as  the  American,  made  by 
the  E.  W.  Bliss  Company  of  Brooklyn,  N.  Y.,  is  of  the  same  type  as 
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Fig.  5     Wheel  and  Casing  of  Sturtevant  Turbine 


Fig.  6     Sturtevant  Steam  Turbine,  30-in. 
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the  Terry  and  Sturtevant  and  has  been  on  the  market  only  a  few 
months.  The  casing  and  steam  chamber  are  cast  sohd  with  one  side 
and  the  nozzle  and  return  chambers  bolted  in.  The  wheel  is  milled 
from  a  steel  casting,  or  forging  in  the  smaller  sizes,  and  the  partitions 


Fig.  7     Section  of  Sturtevant  Turbine 


separating  the  buckets  are  inserted  and  held  in  place  by  three  bands 
of  steel  shrunk  on  the  face  of  the  wheel.  The  return  passages  are 
peculiar  in  having  no  partitions.  Two  sizes  of  wheel  have  been  built, 
the  42-in.  and  30-in.,  but  designs  have  been  developed  for  the  12,  18, 
24,  36,  48  and  60-in.,  covering  powers  from  10  h.p.  to  above  600  h.p. 
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Fig.  8     Bliss  Turbine,  30-in. 
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Fig.  9     Dake  Steam  Turbine,  24-in. 
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12  The  Dake  turbine,  made  by  the  Dake-American  Steam  Tur- 
bine Company  of  Grand  Rapids,  Mich.,  is  a  single-stage  impulse  tur- 
bine. The  wheel  is  made  of  two  bucket  discs,  with  milled  buckets 
and  inserted  partitions,  bolted  together  over  a  wheel  center.  In  their 
Headlight  turbine  the  governor  is  enclosed  between  the  sides  of  the 
wheel.  The  nozzles  and  return-passages  are  placed  between  the 
bucket  discs.  The  machine  is  built  in  sizes  of  from  5  h.p.  to  100  h.p., 
the  diameter  of  the  smallest  wheel  beina;  12  in. 


Fig.  10     Bliss  Turbine  Dissembled 


13  Coincident  with  the  development  of  the  large  Curtis  turbines, 
the  General  Electric  Company,  at  their  Lynn  Works,  have  developed 
and  placed  on  the  market  a  line  of  small  generating  sets  ranging  from 
5  kw.  to  300  kw.  This  range  is  covered  by  eight  sizes,  the  smaller 
machines  being  single-stage  with  two  or  three  passes  per  stage.  The 
buckets  and  nozzles  are  of  the  welhknown  Curtis  type. 

14  The  Kerr  Turbine,  made  by  the  Kerr  Turbine  Company  of 
Wellsville,  N.  Y.,  is  of  the  compound  impulse  type.  It  is  generally 
built  in  from  two  to  eight  stages.     The  buckets  are  of  the  double 
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Pelton  type,  inserted  like  saw  teeth  in  the  wheel  disc.  Four  sizes 
of  wheels,  12,  18,  24  and  36  in.,  are  made  and  cover  a  range  of  from 
10  h.j).  to  300  h.p.     The  nozzles  are  in  the  plane  of  revolution  of  the 


Fig.  11     Sectional  View  of  Bliss  Turbine 


wheel  and  are  screwed  into  the  stage  partitions  and  held  in  place  by 
a  lock  nut. 

15  As  in  large  turbines,  details  of  these  small  turbines,  to  which 
reference  has  been  made,  show  the  skill  and  knowledge  of  the  designer, 
and  that  the  same  problem  may  be  solved  in  different  ways  is  well 
illustrated  by  the  sections  here  reproduced. 
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DESCRIPTION    OF    DETAILS 


16  Nozzles.  The  diverging  nozzle  is  used  by  all  makers  except 
Kerr,  whose  multi-stage  wheel  requires  a  converging  nozzle.  In  the 
De  Laval,  Sturtevant  and  Kerr  turbines,  the  nozzles  are  screwed  into 
their  seats;  that  of  the  Terry  is  held  in  place  by  a  bolt.     The  nozzles 


Fia.  12     Section  of  Dake  Headlight  Turbine;  Exterior  Shown  in  Fig.  9 


of  the  Curtis,  Dake  and  Bliss  turbines  are  reamed  out  of  the  solid. 
The  larger  sizes  of  the  De  Laval  machine  which  have  been  put  on  the 
market  lately  have  a  large  number  of  reamed  nozzles  instead  of  the 
older  construction. 

17     Buckets.     The  constructions  employed  in  the  Curtis  and  De 
Laval  wheels  are  well-known  and  have  been  described  many  times. 
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Fig. 13     Curtis  Turbine,   50  h. p. 


Fig.  14    Curtis  Turbine  in  Process  of  Assembly 
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The  Terry,  Dake,  Bliss  and  Sturtevant  buckets  are  practically  semi- 
circular in  form.  The  Terry  bucket  is  constructed  entirely  of  steel 
punchings  assembled  between  grooves  in  the  two  steel  discs  forming 
the  sides  of  the  wheel.  The  Sturtevant  wheel  is  milled  out  of  a  steel 
casting.     The  Bliss  buckets  are  milled  out,  but  the  partitions  are 


Fig.  15     Section  of  Curtis  two-stage,  Non-Condensing  Turbine,  160  h.p. 


inserted  and  held  in  place  and  steel  rings  are  shrunk  on.  The  Dake 
buckets  are  turned  out  of  the  solid,  the  recesses  for  the  partitions 
milled  out  and  the  partitions  inserted;  the  wheel  is  then  bolted 
together.  The  Kerr  buckets  are  very  similar  to  the  original  Pelton 
buckets  and  are  inserted  in  the  wheel  in  a  manner  similar  to  the 
De  Laval  buckets. 
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Fig.  16     Curtis  Turbine,  200  h.p. 


Fig.  17     Revolving  Element  of  Curtis  Turbine  in  Bearings 
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Fig.  19     Kerr  Turbine,  18-in. 

18  Return  Chambers.  The  Sturtevant  returns  are  milled  out  of 
the  solid  ring.  Bliss  casts  them  in  the  nozzle  piece  and  finishes  them 
by  hand;  Terry  casts  each  one  separately,  finishes  by  hand  and  assem- 
bles with  bolts;  Dake  casts  the  return  chambers  solid,  mills  the  pas- 
sages and  covers  them  with  a  shrouding. 


Fig.  20     Complete  Rotating  Part,  18-in.,  7-Stage,  Kerr  Steam  Turbine 


19  Wheel  Centers.  De  Laval,  Curtis,  Sturtevant  and  Bliss  make 
the  wheel  centers  of  steel  castings  or  forgings  integral  with  the  wheel. 
Terry  uses  a  steel  casting  but  bolts  the  wheel  disc  to  it.  Kerr  uses 
a  screwed  coupling,  the  inner  part  cut  in  three  pieces  and  keyed  to 
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the  shaft  with  round  keys,  clamping  the  wheel  disc.  Dake's  wheel 
centers  are  an  integral  part  of  the  wheel  in  small  sizes,  but  in  the 
larger  machines  are  steel  castings,  in  some  cases  a  part  of  the  shaft. 
20  Governors.  De  Laval,  Terry,  Sturtevant,  Bliss,  Dake  and 
Kerr  use  a  flyball  governor  on  the  shaft  end,  which  actuates  the 
throttle  valve  through  a  system  of  levers.  Curtis  uses  the  flyball 
governor  on  the  shaft  for  small  sizes  and  slower-speed  spring-con- 
trolled governors  of  different  forms  for  the  larger  sizes.  The  Sturte- 
vant, Bliss  and  Curtis  machines  are  provided  with  an  emergency  stop 
governor  as  well  as  the  throttling  governor. 


Fig.  22     One  Stage  of  Kerr  Turbine,  Showing  Nozzles  and  Wheel 


21  Glands.  For  non-condensing  machines  glands  are  not  trouble- 
some, as  the  difference  of  pressure  between  the  casing  and  atmosphere 
is  rarely  more  than  a  few  pounds.  Terry  uses  a  bronze  ball-and- 
socket  gland  with  a  long  loose  fit  on  the  shaft.  Sturtevant  and  Dake 
use  a  set  of  ring  packing,  either  cast-iron  or  bronze.  Bliss  has  a  laby- 
rinth packing  without  contact.  Kerr  has  a  floating  bronze  bush  with 
soft  packing  behind  it.  Curtis  uses  a  metallic  packing  held  in  place 
by  a  gland-ring,  and  for  condensing  service  a  carbon-ring  packing, 
steam-sealed. 

22  Clearance.-  In  none  of  these  machines  is  clearance  an  impor- 
tant factor.  The  clearance  between  buckets  and  guide-passages  on 
a  24-in.  wheel  is  usually  from  ^  in.  to  ^  in.  when  hot.  Striking  or 
rubbing  is  practically  unknown. 
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23     Thrust.     Theoretically,    there   should   be   no   thrust   in   any 
turbine  of  these  types.     Practically,  there  is  always  a  very  small 


DE LAVAL 


BLISS 


Fig.  23     Typical  Turbine  Buckets 


thrust  one  way  or  the  other.     This  thrust  is  usually  taken  care  of  by 
small  thrust-collars  or  washers  next  to  the  bearings.     Thrust  from 
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the  outside  is  prevented  by  the  use  of  a  flexible  coupling  between  the 
turbine  and  the  machine  it  drives. 

24     Bearings.     The  bearings  are  always  ring-oiled  with  large  oil 
reservoirs,  sometimes,  on  the  larger  sizes,  provided  with  water  jackets 


Fig.  24     Section  of  Wilkinson  Steam  Turbine,  20-in. 


or  water  cooling  pipes  for  an  emergency  cold-water  circulation.     The 
lubrication  of  the  thrust  is  obtained  at  the  same  time. 

25  Operation.  These  machines  are  nearly  automatic  in  their 
operation.  When  the  machine  is  once  properly  set,  the  coupling 
properly  adjusted  and  the  bearings  supplied  with  oil,  the  machine  may 
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run  for  years  without  an  overhauling.  The  bearings  must  be  looked 
after  to  see  that  no  heating  takes  place  and  that  the  ring  is  carrying 
the  oil  to  the  shaft.  The  coupling  should  be  examined  from  time  to 
time  to  make  sure  that  no  thrust  is  communicated  through  it  to  the 
turbine.  With  these  precautions  a  three  months'  continuous  run  is 
common  and  a  number  of  turbines  have  to  my  knowledge  run  more 
than  eighteen  months  without  a  cent  spent  on  them  for  maintenance. 
Apparently  there  is  no  wear  in  nozzles,  buckets,  or  return  chambers. 


30  40 

Brake  Horse  Power 


Fig.  25     Steam  Consumption  Curves,  Terry  Turbine 

24-lN.  WHEEL,  150-LB.  PRESSURE,  NO  SUPERHEAT,  NON-CONDENSINQ.  TESTED  BY  WESTINQHOUSB 
MACHINE     CO.,     PITTSBURG,     PA. 

The  only  wearing  parts  are  the  bearings  and  these  are  generously 
proportioned. 

26  These  machines  may  be  taken  apart  and  reassembled  in  half 
a  day;  some  of  them  in  two  hours.  The  over-hung  machines  may  be 
overhauled  in  an  even  shorter  time. 

27  New  Turbines.  The  Hachenberg  turbine,  made  by  Wm. 
Gardam  &  Son,  New  York,  is  a  compound  impulse  turbine  resem- 
bling in  construction  the  Dow  turbine  so  frequently  illustrated  twenty 
years  ago.  Some  experimental  machines  have  been  built,  one  of 
which  was 'tested  at  Columbia  University,  and  the  commercial  ma- 
chine will  soon  be  on  the  market. 

28  James  Wilkinson,  of  Providence,  R.  I.,  has  a  small  steam 
turbine  nearly  in  the  commercial  stage.  A  number  of  these  machines 
are  running,  and  within  the  next  few  months  it  is  expected  they  will 
be  on  the  market. 
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10  15 

Brake  Horse  Power 


Fig.  26     Steam  Consumption  Curves,  Sturtevant  Turbine 

20-IN.    WHEEL,     SINGLE-STAGE,     NON-CONDENSING,     2400     R.P.M. 

29  The  Church  turbine,  lately  completed  by  the  Watson-Still- 
man  Company  and  tested  at  Stevens  Institute,  is  another  promising 
turbine. 


10  80  120  160 

Brake  Horse  Power 


Fig.  27     Steam  Consumption  Curves,  Bliss  Turbine,  Non-Condensing 


TESTED    BY    F.    L.    PRYOR    AT    HOBOKEN,    N.    J. 

O  =  Two-nozzle,  X  =  Four-nozzle 
STEAM   ECONOMY 


30     The  curves  of  steam  economy  have  in  most  cases  been  obtained 
from    the  manufacturers.      For  the  Curtis  turbine  speed-economy 
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20  30  40  50 

Briike  Horse  Power 


GO 


Fig.  28    Steam  Consumption  Curves,  200-h.p.  Curtis  Turbine 

THREE-STAGE,  36-IN.   WHEEL,  CORRECTED  TO   165-LB.   ABS.   BOWL    PRESSURE,     NO     SUPERHEAT, 
NON'-CONDENSING 

curves  are  given  for  the  50  h.p.  and  200  h.p.  sizes.  These  curves 
represent  the  average  of  a  large  number  of  tests  and  have  been  cor- 
rected to  bring  them  to  standard  conditions.  The  averages  were 
consistent,  and  the  variation  from  the  average  in  any  case  was  not 
Large. 


100  aoo 

Turbine  Brake  ilorse  Power 


300 


Fig.  29     Steam  Consumption  Curves,  50  h.p.  Curtis  Turbine 

ONE-PRESSURE-STAGE,  THREE  ROWS  OF  BUCKETS,  25|-IN.  WHEEL,  CURVES  CORRECTED  TO 
150-LB.  BOWL    PRESSURE,     NO     SUPERHEAT,     ATMOSPHERIC     EXHAUST 

31  The  curves  for  the  Terry  turbine  were  plotted  from  fourteen 
tests  made  at  East  Pittsburg  by  the  Westinghouse  Machine  Company. 
The  curves  for  the  Bliss  turbine  were  plotted  from  twenty-  four  tests 
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made  at  Stevens  Institute  by  Prof.  F.  L.  Pryor.  The  curves  for  the 
Kerr  turbine  were  plotted  from  tests  made  by  the  Kerr  Turbine  Com- 
pany in  their  testing  plant  at  Wellsville,  N.  Y. 


100  150 

Brake  Horse  Power 


Fig.  30     Steam  Consumption  Curves,  24-in.  Kerr  Turbine 

SIX-STAGE,    CONDENSING,    VARYING     VACUUM,    70-LB.    PRESSURE-GAGE 


100        120        14D         160        ISO       290 

Braki-  llors?  Power 

Fig.  31    Load  Curves  of  Kerr  Turbine 

24-IN.   WHEEL,   8-STAGE  176-LB.   GAGE,  NON-CONDENSING 


32  There  seems  to  be  no  change  in  steam  economy  use.  It 
may  be  too  early  to  make  this  statement,  but  machines  running 
regularly  for  three  years  have  shown  no  increase  in  steam  consump- 
tion. 

33  The  field  of  the  small  steam  turbine  is  somewhat  narrow  when 
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compared  with  the  high-speed  steam  engine.  The  small  turbine  has 
its  place,  however,  and  with  the  development  of  a  more  economical 
machine  at  the  lower  speed  ranges,  will  have  a  much  wider  field.  The 
turbine-driven  centrifugal  fan,  for  both  high  and  low  pressures,  will 
have  an  increasing  use,  and  the  centrifugal  turbine-driven  pumps 
have  marked  advantages  over  reciprocating  apparatus  because  of  the 
absence  of  shock  on  the  pipe  line  and  their  adaptation  to  space 
conditions. 

34  The  promise  of  development  on  these  lines  has  led  many  manu- 
facturers to  enter  the  small-turbine  field  and  the  great  expansion  of 
the  large-turbine  business  without  doubt  presages  a  like  future  for 
the  small  steam  turbine. 


OPERATION  OF  A  SMALL  PRODUCER  GAS- 
POWER  PLANT 

By  C.  W.  Obert,  New  York 
Associate  Member  of  the  Society 

It  has  been  the  practice  of  the  packing  house  of  Swift  &  Company 
of  Chicago,  in  the  distribution  of  meats  and  provisions  to  retailers,  to 
estabUsh  in  different  cities  distributing  depots  with  the  necessary  power 
equipment  for  the  handUng  and  refrigeration  of  the  products.  Some 
of  these  branches  in  the  larger  cities  are  establishments  of  consider- 
able size,  and  with  the  extensive  cold  storage  facilities  required  for 
the  large  stocks  carried,  require  comparatively  large  power  installa- 
tions. The  new  Westchester  market,  which  the  company  has  recently 
built  in  New  York  at  152d  Street  and  Brook  Avenue  in  the  Bronx,  is 
a  notable  installation  of  this  kind,  involving  a  400-h.p.  producer  gas- 
power  plant  for  the  operation  of  both  refrigerating  and  electric 
generating  machinery,  which  supplies  similar  service  to  a  number  of 
adjoining  depots  of  other  houses. 

2  The  refrigerating  duty  at  present  required  embraces  the  opera- 
tion of  a  total  cooling  system  containing  over  46,000  ft.  of  2-in,  pipe, 
which  reaches  a  maximum  of  over  100  tons  of  refrigeration  per  24 
hours  under  the  most  severe  summer  weather  conditions.  Two  65-ton 
refrigerating  macliines  Were  installed  for  this  service,  with  equip- 
ments in  duplicate,  owing  to  the  great  importance  of  continuity  of 
refrigeration,  particularly  in  hot  weather.  A  maximum  of  nearly  90 
h.p.  is  required  for  compression  machines  of  this  size  and  engines  of 
100  h.p.  were  selected  for  driving  them,  to  provide  sufficient  capacity 
for  unfavorable  or  overload  conditions. 

3  The  electrical  load,  which  includes  the  operation  of  several 
electric  elevators,  fluctuates  ordinarily  between  30  kw.  and  50  kw. 
but  occasionally  reaches  a  maximum  of  over  60  kw.  For  this  service, 
duplicate  75-kw.  generators  were  installed,  with  driving  engines  of  100 

To  be  presented  at  the  Washington  Meeting  (May  1909)  of  The  American 
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h.p.     This  was  done  to  secure  uniformity  of  size  and  detail  in  all  four 
of  the  driving-engines. 

4  For  gas  making,  two  producer  equipments  were  installed,  also  in 
duplicate.  One  of  these  is  a  200-h.p.  producer,  intended  for  the 
supply  of  one  refrigerating  machine  and  one  generator  engine  when 
operating  at  maximum  capacity.  The  other  is  of  150-h.p.  capacity 
to  permit  of  closer  adjustment  of  the  producer  capacity  to  the  load  at 
other  times. 

5  The  plant  arrangement  consists  of  an  engine  room  in  the  easterly 
end  of  the  sub-basement  of  the  market  building,  and  a  producer  room 
adjoining,  the  entire  power  equipment  occup3dng  a  total  space,  includ- 
ing fuel  storage,  of  48  ft.  by  about  55  ft.  Headroom  for  the  machin- 
nery  and  piping  is  afforded  by  the  depression  of  the  sub-basement 
floor  to  a  level  16  ft.  below  the  street,  and  the  omission  of  the  base- 
ment floor  in  this  section,  giving  thus  a  clear  headroom  of  18  ft.  The 
machinery  space  was  originally  laid  out  as  a  single  room,  but  as  a 
result  of  the  requirements  of  the  underwriters,  the  producer  space  has 
been  separated  from  the  rest  by  a  6-in.  hollow-tile  fire  wall,  forming  a 
a  producer  room  20^  ft.  by  24  ft.  maximum  dimensions.  Under  the 
152d  Street  sidewalk,  there  is  an  11  ft.  by  29  ft.  room  containing 
pumps  and  auxiliaries  for  the  power  equipment  and  the  building 
heater;  and  adjoining  this,  an  11  ft.  by  30  ft.  space  for  fuel  storage. 
The  latter  has  capacity  for  over  150  tons  of  coal,  which  is  dumped  into 
it  through  sidewalk  coalholes  from  wagons  in  the  street. 

6  The  engines  are  Rathbun  vertical,  three-cylinder  units,  of  100 
h.p.,  rated  at  280  r.p.m.,  built  by  the  Rathbun-Jones  Engineering 
Company,  Toledo,  Ohio.  The  two  for  the  electrical  service  are  direct- 
connected  to  75-kw.  generators  and  the  other  two  through  silent  chain 
drives  to  the  ammonia  compressors  of  the  refrigerating  equipment. 
They  are  all  of  the  four-stroke  cycle,  single-acting,  enclosed  type, 
and  have  12f  in.  by  13-in.  cylinders,  designed  for  the  above  rating 
when  operating  on  producer  gas  of  not  less  than  125  B.t.u.  per  cu.  ft. 
These  engines  are  throttle-governed,  a  special  form  of  centrifugal 
flyball  governor  being  used,  and  have  each  a  one-ton  fly-wheel  at 
both  ends  of  the  crankshaft. 

7  The  gas  is  generated  for  the  engines  in  a  duplicate  equipment  of 
Smith  suction  producers  built  by  the  Smith  Gas  Power  Company, 
Lexington,  Ohio.  Each  equipment  consists  of  a  simple  shell  pro- 
ducer, a  wet  scrubber  and  a  dry  purifier.  While  the  producers  differ 
in  rated  capacity  to  permit  of  more  accurate  adjustment  of  their 
capacity  to  the  power  requirements  at  different  seasons  of  the  year. 
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the  scrubbers  and  purifiers  have  a  maximum  capacity  of  200  h.p., 
which  permits  the  smaller  producer  to  operate  up  to  the  maximum 
plant  capacity  of  200  h.p.,  if  required  to  do  so  temporarily.  The  small 
and  large  producers  have  6-ft.  and  7-ft.  shells  respectively,  both  12  ft. 
in  height,  their  intei'nal  diameters  being  4^  ft.  and  5^  ft.  respectively, 
and  they  are  fitted  with  shaking  grates  on  the  up-draft  principle  for 
operation  with  anthracite  coal.  They  are  not  fitted  with  attached 
vaporizers  or  air  pre-heaters,  but  have  an  automatic  control  attach- 
ment for  regulation  of  the  amount  of  water  vapor  to  conform  to  the 
power  requirement  and  consequent  rate  of  gasification.  The  scrub- 
bers for  cleansing  the  gas  are  vertical  cylindrical  tanks,  each  4  ft.  in 
diameter  by  15  ft.  high,  and  the  dry  purifiers  have  4-ft.  shells  6  ft.  in 
height. 


I         First  Floor       |     |        
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Fig.  2     Elevation  of  Machinery  Room  in  Cross-Section 


8  The  piping  of  the  plant  was  somewhat  involved  by  the  arrange- 
ment of  the  engines  relative  to  the  producers,  and,  in  the  Smith 
producers  system,  by  automatic  vaporizers  in  the  exhaust  connections 
to  utilize  the  waste  heat  of  the  engines  for  the  vaporization  of  the 
water.  The  vaporizers  are  located  close  to  the  engines  and  attached 
to  each  vaporizer  is  an  automatic  device,  through  which  air  is  admitted 
and  superheated  for  the  producer.  The  air  is  conducted  to  the  pro- 
ducers from  these  devices  by  a  10-in.  pipe  main,  extending  through  the 
engine  room,  and  heavily  covered  with  magnesia  insulation. 

9  The  gas  is  delivered  from  the  producers  by  8-in.  pipes  connecting 
from  the  top  of  the  producer  to  the  bottom  of  the  scrubber  shell  and 
each  scrubber  has  a  triplicate  connection  to  its  corresponding  purifier, 
which  is  a  three-part  filter.  From  these  the  gas  is  conducted  to  the 
engines  through  a  5-in.  line,  with  a  3^-in.  branch  to  each.  The  exhaust 
connections  from  the  engines  to  the  vaporizers  are  5-in.  lines  and  from 
the  latter,  individual  discharge  pipes  are  carried  up  for  each  engine 
through  a  pipe  shaft  in  the  corner  of  the  building  to  a  roof  outlet. 
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It  is  to  be  noted  that  this  arrangement  of  exhaust  connections  is 
effective  in  so  muffling  the  noise  of  the  escaping  gases  that  they  can- 
not be  heard  from  the  adjoining  street  and  are  only  barely  noticeable 
when  on  the  roof  close  to  the  outlets.'^ 

10  The  electrical  generators  are  75-kvv.  General  Electric  direct- 
current  machines,  each  rigidly  coupled  to  the  driving  engine.  They 
are  wound  to  deliver  current  at  220  volts,  the  distribution  for  both 
lighting  and  power  being  on  the  two-wire  system.  The  electrical 
circuits  are  controlled  on  a  three-panel  switchboard  which  contains 
the  usual  equipment  of  indicating  and  recording  instruments,  field- 
rheostat  switches  and  generator  and  feeder  switches.  The  building 
is  wired  separately  for  lighting  and  power  circuits,  and  recording  watt 
meters  are  connected  into  the  feeder  circuits  for  measurement  of  the 
power  delivered.  It  is  to  be  noted  that  separate  bus  bars  are  provided 
for  both  power  and  lighting  feeders,  as  well  as  a  switching  arrangement 
by  which  the  lighting  service  may  be  supplied  from  a  generator  other 
than  that  carrying  the  power  load,  incase  the  fluctuations  of  the  latter 
should  interfere  with  the  voltage  regulation.  This  provision  has  been 
found  unnecessary,  however,  as  the  speed  regulation  of  the  engines  and 
generators  is  satisfactory  under  all  fluctuations  of  loading  due  to  ele- 
vator operation. 

11  The  refrigerating  equipment  was  installed  on  the  direct 
ammonia  expansion  system,  a  feature  of  which  is  the  connection  of  all 
coils  in  the  coolers  in  series  with  those  in  the  freezers,  whereby  all 
ammonia  not  thoroughly  evaporated  in  the  freezer  coils  will  be  in  the 
cooler  coils  (temperature,  36  deg.  fahr.),  which  permits  carrying 
the  freezer  temperatui-e  at  from  0  deg.  to  -|-  5  deg.  without  frosting 
the  compressor.  The  compressors  were  built  by  the  Hutteman  & 
Cramer  Company,  Detroit,  Mich.,  and  are  horizontal  single-cylinder 
double-acting  machines,  with  14  in.  by  30-in.  cylinders,  each  driven  at 
a  speed  of  60  r.p.m.  by  a  Renold  silent-chain  connection  from  its 
driving  engine,  with  a  speed  reduction  of  about  five  to  one. 

12  The  ammonia  condenser  is  located  on  the  roof  of  the  building 
and  provided  with  the  usual  water-cooling  sprays.  The  water  supply 
for  it  is  obtained  from  a  well  extending  into  water-bearing  soil  under 
the  basement  floor,  and  the  drainage  from  the  sprays  is  subsequently 
utilized  in  the  scrubbers  and  in  the  engine  cylinder  jackets.  One  of 
the  compressor  units  normally  handles  the  load  alone,  which  leaves 
one  equipment  always  in  reserve,  to  provide  against  the  serious  emer- 
gency of  a  complete  stoppage  of  the  refrigerating  service  during  hot 
weather. 
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13  In  operation  this  plant  has  proved  particularly  economical, 
largely  due  to  the  continuous  character  of  the  service  resulting  from 
the  operation  of  the  refrigeration  plant  24  hours  a  day,  seven  days  a 
week,  thereby  eliminating  standby  losses.  The  average  load  range 
of  the  plant  is  ordinarily  from  50  per  cent  (100  h.p.)  to  full  rated  load 
(200  h.p.),  the  high  and  low  load  factors  occurring  during  the  summer 
and  winter  mouths  respectively,  when  the  refrigeration  requirements 
are  maximum  and  minimum.  With  the  heavier  load  factor  during 
the  summer  months,  the  fuel  consumption  has  ranged  between  3400 
and  4800  lb.  per  24  hours,  the  larger  figure  having  been  exceeded  on 
only  two  days  in  11  months,  and  the  consumption  per  horsepower- 
hour  as  calculated  from  station  fuel  records  and  observed  loads, 
ranged  from  1.4  to  2.0  lb.  of  coal.  The  fuel  rate  has  dropped  during 
periods  of  continuous  liigh  loads,  to  about  1  lb.  per  horsepower-hour, 
as  based  on  observed  loadings,  but  the  daily  average  under  conditions 
of  ordinary  commercial  operation  is  usually  greater. 

14  The  operating  conditions  during  the  heavy-load  season  are  indi- 
cated in  the  table  at  the  end  of  the  paper,  in  which  the  relation  of 
fuel  consumption  to  load  carried  is  shown  for  two  weeks  of  similar 
duty.  The  variations  in  the  amount  of  fuel  charged  from  day  to 
day  are  due  cliiefly  to  the  differing  conditions  of  the  fuel  bed  in  the 
producer,  the  removal  of  a  particularly  large  amount  of  ashes  on  any 
day  necessitating  a  heavy  fuel  charge.  No  account  is  taken  of  cost  of 
water  used  in  the  scrubbers  and  cooling  jackets,  as  the  supply  is 
obtained  from  a  well  on  the  premises  without  cost  other  than  that  of 
pumping. 

15  The  fuel  used  is  No.  1  buckwheat  anthracite  that  has  been 
passed  over  a  |-in.  mesh  and  through  a  yV'i'^-  rnesh  screen,  with  5  per 
cent  fineness,  and  costs  S3. 50  pergrosston  delivered  in  cargo  lots.  Tt  is 
charged  only  at  the  regular  cleaning  periods,  at  each  of  wliich  from 
400  to  900  lb.  of  coal  are  fed,  after  the  fire  has  been  cleaned  down  and 
the  ashes  removed  from  the  grate.  The  fire  is  cleaned  periodically 
twice  every  shift,  or  four  times  per  24  hr.  and  requires  about  an  hour 
per  cleaning  on  the  average. 

16  In  this  connection  it  is  interesting  to  note  the  comparatively 
short  time  required  to  start  a  producer  into  service  from  the  cold, 
which  has  been  done  repeatedly  on  short  notice  in  about  five  hours; 
on  December  12  when  the  150-h.p.  producer  was  placed  in  operation 
to  relieve  the  larger  unit,  the  Idndling  wood  was  lighted  at  10  a.m.  and 
the  gas  supply  turned  onto  the  engine  at  2  p.m.,  with  only  about  12-in. 
of  fire  zone  in  the  fuel  bed.     The  reliability  of  a  suction  producer 
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operating  under  a  continuous  aiitl  exacting  service  of  this  cluuacter 
is  well  shown  by  the  duty  of  the  20()-h.p.  producer  during  the  summer 
season  of  190S,  which  when  taken  out  of  service  on  December  12,  had 
been  continuously  in  service  24  hoiu's  per  day  and  seven  days  per  week 
since  April  22,  a  continuous  run  of  235  days.  During  that  time,  it  had 
received  no  more  attention  than  the  four  cleanings  and  chargings  per 
24  hours. 

1 7  The  operating  force  for  the  power  plant  consists  of  an  engineer 
and  an  assistant  engineer  and  two  producer  tendei's,  who  work  in  two 
shifts.  This  force  is  able  to  maintain  the  plant  equipment  in  satis- 
factory operating  condition,  as  well  as  the  refrigerating  and  electri- 
cal equipment  of  the  depot,  and  it  is  worthy  of  note  that  the  plant  has 
not  been  shut  down  for  any  reason  since  it  was  started  on  February  1, 
1908.  Experience  gained  in  operation  for  this  period  indicates  that, 
contrary  to  the  general  opinion,  no  more  attention  is  required  than  for 
a  first-class  steam  plant,  the  necessary  attendance  comparing  very 
favorably  with  that  of  a  high-grade  steam  plant  of  the  same  capacity. 
Cleanliness  of  all  parts  of  both  producer  and  engine  equipments,  and 
careful  adjustments,  especially  of  the  latter,  are  imperative  and  are 
the  keynotes  of  successful  operation.  In  order  to  maintain  the  equip- 
ment in  such  condition,  a  thorough  and  comprehensive  operating 
system  has  been  developed  which  may  be  of  interest. 

18  The  operating  system  involves  a  detailed  and  thorough 
inspection  routine  that  keeps  the  force  well  informed  as  to  the  condi- 
tion of  the  entire  equipment  and  a  division  of  duties  tending  to  favor 
the  maintenance  work.  To  the  day  operating  force  is  assigned  the 
inspection  and  adjustments  of  the  engines  and  repairs  to  igniters, 
batteries,  etc.,  while  the  night  force  has  the  work  of  cleaning  all 
machinery. 

19  The  regular  routine  of  the  day  force  is  in  detail  as  follo\\'s: 
First  upon  coming  on  duty  at  7  a.m.,  an  examination  is  made  of  all 
moving  parts  of  the  two  engines  in  operation,  and  also  of  oil  levels  in 
lubricators  and  conditions  of  water  jackets  and  ignition  systems. 
There  are  always  two  engines  in  operation,  one  being  a  generator 
engine  and  the  other  a  refrigerating  engine,  which  in  the  periods  of 
heavier  loadings  in  summer  time  have  a  combined  load  of  about  140 
h.p.  of  which  fully  75  h.p.  is  taken  by  the  refrigerating  system.  Next 
the  water  regulation  for  the  steam  supply  is  noted  and  then  the  con- 
diti(jn  of  the  suction  draft  on  the  producer  and  also  on  the  scrubber 
and  purifier,  there  being  three  U-shaped  draft  gages  provided  for  this 
purpose,  one  connected  to  the  gas  suction  line  to  the  engines,    the 
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second  to  the  gas  connection  from  the  scrubber  to  the  purifier  and  the 
third  to  the  connection  between  the  producer  and  scrubber.  A 
uniformity  of  suction  of  from  2  in.  to  3  in.  of  water  in  these  three 
gages  indicates  a  proper  condition  of  the  three  units,  while  any  unusual 
suction  in  any  of  the  connections  would  indicate  an  obstruction 
needing  immediate  attention.  The  latter  is  always  clearly  indicated 
as  an  obstructed  condition  in  the  producer,  for  instance,  will  raise 
the  suction  to  as  high  as  9  in.  or  10  in.  of  water. 

20  Next  an  inspection  is  made  of  the  producer,  the  temperatures 
of  different  portions  of  the  fire  being  determined  to  ascertain  the  con- 
dition of  the  fuel  bed,  the  existence  of  cracks  or  fissures  or  pockets  of 
unburned  coal.  To  do  this,  a  y\  -in.  iron  rod  is  pushed  into  the  fire 
through  the  side  peep  holes  in  the  producer  shell,  held  there  exactly 
one  minute  and  then  withdrawn,  the  temperature  within  being  noted 
from  the  color  of  the  rod.  If  the  latter  is  at  a  uniform  cherry  red 
temperature  throughout  its  length,  this  is  taken  as  an  indication  of  an 
even  fire;  but  if  at  a  brighter  heat  or  dull  in  some  portions  of  the  rod, 
there  is  evidence  of  unnecessarily  high  local  temperatures  due  to  rapid 
combustion  in  fissures  in  the  fuel  bed,  or  of  a  stagnant  condition  in 
dirty  or  unburnt  portions  of  the  fire.  The  rod  is  first  inserted  in  the 
lowest  hole  and  then  successively  into  the  upper  holes,  in  order  to 
explore  the  fire  in  zones.  On  withdrawing  the  rod  the  operator 
notes  graphically  the  condition  of  the  fire  by  marking  a  line  with 
chalk  on  the  shell  of  the  producer  even  with  the  hole,  a  straight  line 
indicating  an  even  temperature,  and  a  broken  line  showing  the  dirty 
condition,  etc.  This  operation  is  continued  for  the  four  holes  and  a 
fuel  curve  drawn  from  it  which  gives  a  practical  idea  of  how  the  dirt 
lies  in  the  producer  and  shows  what  quality  of  gas  can  be  expected. 
Finding  the  producer  in  good  order,  the  scrubber,  purifier  and  connec- 
tions are  examined  for  unusual  temperatures,  condition  of  water  flow, 
etc. 

21  In  the  maintenance  work,  each  engine  is  shut  down  after  every 
seven  days  work  of  160  hours  for  general  inspection  and  cleaning, 
and  thus  on  Monday  mornings  it  is  necessary  to  start  up  the  two 
reserve  units  and  transfer  the  respective  loads  to  them.  Before 
starting  up  either  reserve  engine,  its  igniters  are  cleaned,  which  takes 
about  one  hour.  With  the  igniters  clear  and  everything  in  good 
order,  the  attendant  looks  at  the  draft  gage,  which  is  equal  in  impor- 
tance to  the  gage  of  a  steam  boiler,  to  see  what  gas  the  engines  in 
operation  are  drawing  and  whether  the  start  can  be  made  without 
interfering  with  their  suction.     If  there  are  any  doubts  the  gas  is 
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enriched  temporarily  by  putting  about  four  pails  of  water  in  the  ash 
pit  of  the  producer  and  slicing  the  fire  to  work  down  some  hot  coals, 
which,  by  turning  the  water  into  vapor,  increase  the  hydrogen  content 
of  the  gas  and  enable  the  third  engine  to  be  started  without  inter- 
fering with  the  others.  After  getting  the  engine  warmed  up,  the  load 
is  thrown  on  and  the  other  engine  is  shut  down.  The  extra  pull  on  the 
producer,  due  to  overload  from  running  the  three  engines  and  the 
hydrogen  added,  has  usually  so  enriched  the  gas  that  on  cutting  out  a 
unit  the  quality  of  gas  is  too  rich  for  the  two  units  operating  alone. 
To  counteract  this,  it  is  necessary  to  give  additional  air  to  each  of  the 
units  that  remain  and  then,  as  in  starting,  there  will  be  no  varia- 
tion in  speed  of  operation. 

22  After  the  engines  have  been  shut  down  their  inspection  is  begun 
by  the  removal  of  the  back  crank  case  covers  and  examination  of  the 
bearings,  crank  pins,  wrist  pins,  etc.,  for  necessary  adjustments. 
Besides  this  the  exhaust  valves  are  cleaned  and  the  ignition  system 
checked,  which  requii-es  about  two  days,  as  but  one  thingis  done  at  a 
time  and  then  only  at  times  when  the  load  on  the  plant  is  not  heavy. 
While  the  engineer  is  performing  this  work,  the  producer  tender  pre- 
pares to  clean  and  coal  the  producer,  as  follows: 

23  The  method  of  cleaning  is  to  rake  off  the  ash  from  the  grate 
table  and  then  poke  down  around  the  shell  from  the  top  poke  holes. 
Having  before  him  the  fuel  chart  which  was  noted  graphically  on  the 
producer  shell  on  coming  on  watch,  the  attendant  knows  what  part 
of  the  bed  requires  most  poking.  Before  opening  the  ash  pit  doors 
about  the  shell,  water  is  placed  in  the  ash  pit  as  before  and  the  hot 
ashes,  dropping  down,  form  sufficient  steam  to  mix  with  the  air 
coming  through  the  ash  pit  door  and  offset  any  bad  effect  therefrom. 
This  enables  the  cleaning  to  be  done  without  affecting  the  engines. 
Having  cleaned  and  poked  the  fire  thoroughly  and  worked  down  all 
the  ash  so  as  to  leave  it  as  clean  as  possible,  the  coaling  is  then  begun, 
count  being  taken  of  each  hopper  "of  coal  charged.  The  coal  is  cleaned 
by  screening  if  very  fine  or  dirty.  Having  coaled,  the  operator  slices 
across  the  grate  so  as  to  relieve  the  center  of  the  fire  and  again  puts 
water  in  the  ash  pit,  this  time  to  cool  off  the  grate  after  cleaning  and  to 
offset  the  effect  of  any  air  that  may  have  gotten  in  during  the  opera- 
tion. The  cleaning  usually  occupies  one  hour,  the  amount  of  coal 
put  in  ranging  up  to  900  lb.  After  giving  the  producer  time  to  settle 
down,  the  ashes  are  withdrawn  from  the  ash  pit,  an  average  of  1^  ash 
cans  (about  3  bushels)  being  removed  after  each  cleaning.  During  the 
cleaning  operation  the  operator  is  always  on  the  lookout  for  any 
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change  in  the  engine  sjjeed  due  to  weak  gas  on  account  of  opening  the 
ash  doors.  Should  this  occur  he  immediately  cuts  the  air  supply  to 
the  engine,  resulting  in  a  combustible  mixture  without  noticeably 
reducing  the  speed.  The  producer  is  now  good  for  6  hours'  operation, 
after  which  the  cleaning  is  repeated. 

24  The  refrigerating  engines  are  operated  for  periods  of  84  hours 
and  then  gone  over.  One  exhaust  valve  is  taken  out  of  an  engine 
each  week,  thoroughly  cleaned,  and  reground  if  necessary,  thus 
insuring  attention  to  each  valve  once  in  every  three  months.  Igniters 
are  cleaned  weekly  and  the  batteries  and  ignition  system  checked. 
The  temperature  of  the  fuel  bed  of  the  producer  is  taken  twice  a  day 
and  a  gas  analysis  is  made  once  a  week  or  oftener  if  necessary.  The 
average  calorific  value  per  cubic  foot  of  gas  is  134  B.t.u.,  based  on 
analysis:  CO.^,,  8.6  per  cent;  0,  0.6  per  cent;  CO,  20.2  percent;  H, 
18.5  per  cent  and  N,  52.1  per  cent. 


TABLE  1     RECORIJ  OF  LOAD  AND  FUEL  FOR  TWO  HEAVY  WEEKS 


Sunday,  .July  25,  lEOS.  .  . 

Monday,  July  26 

Tuesday,  July  27  ... 

Wednesday,  July  28 

Thursday,  July  29 

Friday,  July  30 

Saturday.  July  31 

Sunday,  August  22,  1608 

Monday,  August  23 

Tuesday,  August  24 

Wednesday,  August  25 

Thursday,  August  26 

P'riday,  August  27 

Saturday,  August  28   ' 

Totals 


ELECTRICAL  LOAD 


Kw 
hoursi 


332 
400 
404 
390 
410 
415 
403 


B.h.p. 

hours2 


Refrigera- 
ting Load 
B.h.p. 

hours 


556 
600 
606 
585 
615 
622 
605 


2010 
2030 
2020 
2020 
2030 
2040 
2020 


Total 
Load 
B.h.p. 
hours 


2566 
2630 
2626 
2605 
2645 
2662 
2625 


Coal 
Charged 
Pounds 


3600 
3300 
3540 
3180 
4020 
4320 
4080 


328 
386 
393 
392 
397 
.391 
393 


549 
579 
589 
588 
596 
586 
590 


5434 


8266 


2030 
2020 
2020 
2010 
2010 
2020 
2020 


28300 


2579 
2599 
2609 
2598 
2606 
2606 
2610 


36566 


3360 
3420 
3600 
3540 
3840 
3540 
3720 


51960 


1  Recorded  by  watt-hour  meters. 

•^  Deduced  from  kilowatt-hours  by  assuming  80  per  cent  efficiency  for  the  generator  d 
light-load  periods  and  90  per  cent  for  the  remaining  time. 
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SOME  PROPERTIES  OF  STEAM 

By  Prof.  R.  C.  H.  Heck,  New  BRUNS\AacK,  N.  J. 
Member  of  the  Society 

The  purpose  of  this  paper  is  to  present  some  recent  experimental 
i'e.^ults  as  to  two  of  the  fundamental  thermodynamic  properties  of 
^^■ater  and  steam,  and  to  make  certain  comparisons  between  these 
determinations  and  the  older  values  used  in  our  steam  tables.  The 
two  properties  considered  are,  the  relation  between  pressin-e  and 
temperature  of  saturated  steam,  and  the  specific  heat  of  water. 

THE    PRESSURE-TEMPEHATURE    RELATION 

2  This  relation  is,  from  the  point  of  view  of  experimental  deter- 
mination, the  simplest  of  the  properties  of  steam,  and  with  accurate 
instruments  and  adequate  skill  can  be  very  precisely  measured.  For 
this  reason,  the  results  obtained  by  various  experimenters  differ  by 
relatively  small  amounts,  and  in  discussing  them  we  take  up  a  ques- 
tion in  the  realm  of  scientific  accuracy  rather  than  one  concerning 
eifectively  correct  values  for  ordinary  technical  use.  For  certain 
purposes,  however,  it  is  most  important  that  this  relation  be  truly 
and  accurately  known. 

3  In  Annalen  der  Physik,  1907,  vol.  22,  p.  609  to  630,  is  published 
a  paper  b}^  F.  Henning,  On  the  Saturation  Pressure  of  Steam,  in 
which  are  gathered  together  all  the  determinations  that  have  been 
made  on  this  relation,  from  Magnus  and  Regnault  down  to  that  time. 
These  are  compared  by  means  of  curves,  which  show,  to  a  large  scale, 
their  departures  from  an  assumed  standard  of  reference.  This  stand- 
ard is  the  formula  of  Tliiesen, 

(^-f273)  log-^^    =  5.409  (<-  100) -0.508  X  10-*  [(365-0* -265*] 
760 

where  t  is  centigrade  temperature  and  p  is  pressure  in  millimeters 

of  mercury.     From  the  comparison  and  discussion  the  conclusion  was 

reached  that  up  to   100  deg.   cent,  this  formula  is  to  be  accepted, 

while  above  100  deg.  the  determinations  of  Regnault  are  best — not  as 

To  be  presented  at  the  Washington  Meeting,  (May,  1909)  of  The  American 
Society  of  Mechanical  Engineers.     All  papers  are  subject  to  revision. 
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set  forth  by  his  formula,  but  as  worked  over  by  Henning,  from  a 
selection  of  his  more  reliable  observations. 

4  A  new  and  very  accurate  determination  by  Holborn  and  Hen- 
ning, over  the  range  from  50  deg.  to  200  deg.  cent.,  is  fully  described  in 
Annalen  der  Physik,  1908,  vol.  26,  p.  833  to  883,  in  a  paper,  On  the 
Platinum  Thermometer  and  the  Saturation  Pressure  of  Steam,  while 
in  Zeitschrift  des  Vereins  deutscher  Ingenieure,  February  20,  1909,  is 
given  a  brief  presentation  and  comparison  of  results.  Exceedingly 
close  agreement  is  shown  between  these  new  observations,  the  recom- 
puted Regnault  values,  and  the  work  of  Knoblauch,  Linde,  and  Klebe 
— see  Table  3  in  Zeitschrift  article.  The  final  result  is  a  table  giving 
p  for  every  degree  from  0  deg.  to  205  deg.  cent.,  which  follows  Thiesen's 
formula  up  to  50  deg.,  and  embodies  the  authors'  work  from  that 
point. 

5  This  table  is  here  reproduced  in  Table  1,  but  with  pressure  con- 
verted to  pounds  per  square  inch  and  interpolated  for  every  degree 
fahrenheit  from  32  deg.  to  402  deg.,  or  to  just  past  250  lb.  abs.  Later 
the  writer  hopes  to  extend  this  table,  carrying  forward  the  line  of  the 
Holborn-Henning  determination  in  comparison  with  the  observa- 
tions of  Regnault  and  others.  This  can  be  done  even  up  to  a  pressure 
of  1000  lb.  with  sufficient  accuracy  for  all  practical  purposes. 

6  In  the  work  of  conversion  and  interpolation,  it  was  necessary  to 

carry  the  numbers  to  a  higher  degree  of  apparent  accuracy,  or  to  use 

more  significant  figures,  than  any  experimental  precision  would  call 

for.     Without  a  mathematical  formula,  a  function  of  this  sort  can  be 

carried  forward  only  by  carefully  smoothing  out  the  differences  until 

those  of  the  second  order  follow  a  continuous  rate  of  change.     In  this 

operation,  the  first  differences  were  brought  to  a  sufficient  degree  of 

smoothness  to  furnish  effectively  accurate  values  of  the  rate  of  change 

di) 
of  pwith^;  and  this  differential  coefficient,       is  also  given  in  Table  1. 

dt 

It  may  be  considered  absolutely  correct  (as  a  derivative)  within  about 

four  or  five  units  in  the  last  place,  while'as  between  successive  values 

the  closeness  is  much  better.     This  is*  less  precise  than  might  be 

desired,  but  it  is^accurate  enough  for  use  in  calculating  specific  volume, 

since  the  thermal  data  there  involved  are  not  of  any  greater  degree  of 

reliability. 

.  7     In  Fig.  1  is  given  a  comparison  between  the  pressures  in  Table  1 

and  some  hitherto  generally  used  values.     The  base  is  temperature 

fahrenheit,  the  ordinate  the  difference  between  the  other  value  of  p 

and  that  in  Table  1.  Curve  1,  for  the  range  up  to  225  deg.  fahr.,  is 
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drawn  to  the  liw^^e  scale  at  the  left,  and  shows  how  Regnault's  fornuihi 
drops  below  the  new  detennination.  The  curves  at  2  have  the  ordi- 
nate scale  at  the  right,  only  one-tenth  as  large  as  that  for  1.  The 
letter  R  marks  the  ''standard"  Regnault  curve,  here  plotted  from 
the  table  in  Roentgen's  Thermodynamics,  Avhicli  happened  to  be  the 
most  ccjnvenient  in  its  manner  of  expression:  note  the  abrupt  change 
at  about  380  deg.  fahr.  Curve  P  shows  Peabody's  values,  wdiich  are 
based  on  Regnault,  but  with  revised  computations,  and  depart  quite 
decidedly  from  the  older  table  above  325  deg.  The  scattering  of  the 
points  above  that  temperature  is  due  to  the  coarseness  of  numerical 
expression,  Peabody  giving  but  one  decimal  place  for  the  higher  pres- 
sures.    The  curve  is  simply  sketched  through  this  band  of  points. 

8  Holborn  and  Henning  do  not  attempt  to  devise  a  formula,  but 
base  their  table  on  a  method  of  graphical  interpolation.  It  will  be 
noted  that  Curve  1  shows  a  faint  waviness,  indicating  some  departure 
from  perfect  mathematical  smoothness;  but  the  extreme  smallness  of 
the  irregularities  is  really  a  proof  of  the  sldll  with  which  the  original 
interpolation  was  made. 

THE    SPECIFIC    HEAT    OF    WATER 

9  In  Fig.  2  are  plotted  several  important  curves  for  the  specific 
heat  of  water — the  true  or  instantaneous,  not  the  mean  value. 
Curve  R  shows  Regnault's  formula,  which  in  fahrenheit  units  is, 

c  =  1  +  0.0000222  (t  -  32)  +  0.000000278  (t  -  32)- 

This  curve  differs  radically  from  the  newer  and  true  determination  of 
the  specific  heat  over  the  lower  part  of  the  range,  as  shown  by  the 
other  curves. 

10  Curve  B  represents  the  experiments  of  H.  T.  Barnes  and 
associates;  these  are  described  briefly  in  Proceedings  Royal  Society, 
1900,  vol.  67,  fully  in  Phil.  Trans.  Roy.  Soc,  1902,  vol.  A  199;  while 
in  Physical  Revieu^,  1902,  vol.  15,  there  is  a  description  of  the 
determination  on  supercooled  water,  which  was  carried  to  —  5  deg.  cent. , 
and  the  tabulated  values  for  the  whole  range  up  to  95  deg.  cent.  The 
body  of  this  Work  was  done  by  a'  continuous  method,  water  flowing 
through  a  small  tube  and  absorbing  heat  which  was  electrically  sup- 
plied and  measured:  for  the  range  beloAV  freezing,  a  method  of  mixing 
was  found  necessary. 

11  Curve  P,  which  begins  at  140  deg.  fahr.,  shows  the  values  used 
by  Peabody  above  this  temperature;  below  it  he  accepts  the  work  of 
Barnes.     Peabody's  line — it  is   almost  straight — is  based   on   Reg- 
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nault's  experiments:  but  it  hardly  seems  reasonable  to  make  c  thus 
an  almost  straight-line  function  of  t. 

12  Curve  D  shows  the  very  important  experiments  of  Dieterici, 
described  in  Annalen  der  Physik,  1905,  vol.  16.  In  these  a  small 
body  of  water,  pure  and  free  from  air,  was  sealed  in  a  tube  of  quartz. 
This  little  cartridge  was  heated  to  a  certain  desired  temperature, 
then  dropped  into  a  Bunsen  ice  calorimeter,  where  the  heat  given  off 
in  its  cooling  to  0  deg.  cent,  is  measured.  The  highest  temperature 
reached  was  about  300  deg.  cent.  The  drawback  in  this  method  is 
the  relatively  large  heat  capacity  of  the  quartz  tube,  which  has  to  be 
very  carefully  determined.  From  100  deg.  fahr.  upward,  Dieterici 
finds  that  his  results  conform  very  well  to  a  parabolic  equation  like 
that  of  Regnault,  which  for  fahrenheit  units  has  the  constants, 

c  =  0.99827  -  0.0000576  (t  -  32)  +  0.00000064     (t  -  32)^ 

Below  100  deg.  fahr.,  tabulation  from  graphical  interpolation  is  pref- 
erable to  expression  by  formula.  A  numerical  comparison  of  the 
several  curves  is  given  in  Table  2. 

DIFFERENT   HEAT    UNITS 

13  Before  discussing  these  data,  something  must  be  said  as  to  the 
unit  of  heat  measurement.  Regnault  intended  to  use  the  heat 
capacity  of  water  at  15  deg.  cent,  as  the  heat  unit — in  other  words,  the 
15-deg.  calorie — but  it  was  not  until  long  after  his  time  that  the  true 
manner  of  variation  of  the  specific  heat  over  the  lower  range  of 
ordinary  temperatures  was  either  clearly  perceived  or  accurately 
measured.  Barnes'  values  are  based  on  unity  at  16  deg.  cent.,  and 
it  will  be  noted  that  the  B  curve  on  Fig.  2  crosses  the  base-line  at 
just  about  16  deg.  cent,  (the  two  short  vertical  cross-lines  near  60  deg. 
fahr.  are  at  15  deg.  and  16  deg.  cent.).  The  now  generally  used 
numerical  values  of  the  mechanical  equivalent  of  heat,  427  m-kg.  or 
778  ft.  lb.  are  based  on  a  heat  unit  at  15  deg.  cent  or  59  deg.  fahr. 

14  Dicterici's  results  are  expressed  in  the  mean  calorie,  which  is 
one  one-hundreth  of  the  heat  required  to  raise  1  kg.  of  water  from 
0  deg.  to  100  deg.  cent.;  and  his  specific  heat  values  check  up  to  an 
average  of  unity  over  this  range.  Graphically,  on  Fig.  2,  his  curve 
cuts  the  15-deg.  cent,  ordinate  at  0.0012  below  the  unity  base-line. 
In  a  special  experiment,  with  electrical  measurement  analogous  to  that 
used  by  Barnes,  he  made  the  mechanical  equivalent  of  the  mean 
calorie  bear  to  our  standard  Rowland  value  for  the  15-deg.  calorie  the 
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ratio  of  the  numbers  419.25  to  418.8,  or  1.0011  to  1.000,00.  Dis- 
regarding some  uncertainties  which  may  exist  in  the  minds  of  physi- 
cists as  to  the  finaUty  of  this  determination,  it  seems  reasonable,  for 
engineering  purposes,  to  use  this  0.0011  or  0.11  per  cent  correction 
in  order  to  change  from  one  system  of  units  to  the  other. 

15  The  amount  of  attention  here  paid  to  this  small  point  is  justi- 
fied by  the  importance  given  to  it  through  the  introduction  of  the 
mean  calorie  to  the  Society  in  the  recent  paper  on  The  Total  Heat  of 
Saturated  Steam,  by  Dr.  H.  N.  Davis.  Personally,  I  think  we  had 
better  transform  heat  values  in  this  unit  by  means  of  the  ratio  just 
offered,  rather  than  change  our  mechanical  equivalent  of  heat  from 
778  to  778.9. 

16  Now  the  specific  heat  is  the  ratio  of  a  certain  absolute  quantity 
of  heat  to  an  assumed  unit  quantity.  If  we  use  a  larger  unit,  the 
ratio  will  be  smaller,  and  vice  versa.  Assuming  that  the  mean  calorie 
is  1.0011  of  the  15-deg.  calorie,  we  change  Dieterici's  values  to  the 
15-deg.  unit  if  we  increase  them  by  0.11  per  cent.  This  would  raise 
his  curve  to  the  dotted  position  on  Fig.  2,  and  change  his  formula  to 
c  =  0.99938  -  0.00005766    {t  -  32)  +  0.0000006407  (t  -  32)^ 

SPECIFIC   HEAT   OF    WATER — CONCLUSION 

17  It  is  pretty  safe  to  say  that  the  Holborn-Henning  results  for 
pressure  and  temperature,  set  forth  in  Table  1,  are  final,  and  that 
this  relation  is  now  known  surely  and  accurately  enough  for  all  pur- 
poses of  practical  science.  But  in  regard  to  the  specific  heat  of  water 
we  are  yet  confronted  by  one  of  the  annoying  uncertainties  which 
have  so  long  surrounded  many  parts  of ^  this  subject.  Dieterici 
claims  an  experimental  accuracy  ranging  from  0.1  per  cent  at  low 
ranges  to  0.5  per  cent  at  high  ranges  of  temperature :  but  his  method 
is  open  to  the  objection  that  two  heat-capacities  have  to  be  measured 
and  their  difference  used. 

18  In  spite  of  some  small  doubt  as  to  the  accuracy  of  Dieterici's 
results,  and  a  faint  suspicion  that  his  curve  may  rise  too  rapidly, 
I  am  of  the  opinion  that  his  determination  is  to  be  accepted  instead  of 
Regnault's.  Further,  the  idea  of  an  increasing  rate  of  increase  in  c, 
as  expressed  by  a  second-degree  equation,  seems  to  be  far  more  rea- 
sonable than  that  of  a  nearly  constant  rate  of  increase. 

19  It  is  hardly  probable  that  the  heat  capacity  of  water  will  ever 
be  so  accurately  determined  that  the  heat  for  the  external  work  of 
expanding  the  water  will^  be  more  than  a  small  fraction  of  the  prob- 
able error  in  heat  measurement. 
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TABLE  1     THE  PRESSURE-TEMPERATURE  RELATION 


dp/dt 


dp/dt 


dp/dt 


dp/dt 


1 

76 

77 

0.4433  0.01467 
0.4582  0.01510 

121 

122 

1.7362  0.04815 

166 
167 

5.459 

5.588 

0.1277 

32 

0.08860.003575 

1.7849 

0.0493 

0.1302 

33 

0.09220.00371 

78 

0.4735  0.01554 

123 

1.8348 

0.0505 

168 

5.719 

0.1327 

34 

0.09600.003845 

79 

0.4893  0.01600 

124 

1.8859 

0.0517 

169 

5 .  853 

0 .  13.53 

35 

0.0999 

0.003985 

80 

0.5055  0.01646 

125 

1.9382 

0.05295 

170 

5.990 

0.1380 

36 

0.1039 

0.00413 

81 

0.5222  0.01694 

126 

1.9918 

0.0542 

171 

6.129 

0.1407 

37 

0.1081 

0.00428 

82 

0.5394  0.01742 

127 

2.0466 

0.05545 

172 

6.271 

0.1434 

38 

0.1125 

0.00443 

83 

0.5570  0.01792 

128 

2.1027 

0.05675 

173 

6.416 

0.1462 

39 

0.1170 

0.004585 

84 

0.5752 

0.01844 

129 

2.1601 

0.0581 

174 

6.564 

0.1490 

40 

0.1217 

0.004745 

85 

0 . 5939 

0.01898 

130 

2.2189 

0.05945 

175 

6.714 

0.1519 

41 

0.1265 

0.00491 

86 

0.6132 

0.01952 

131 

2.2790 

0.0608 

176 

6.868 

0.1548 

42 

0.1315 

0.005075 

87 

0.6330 

0.02008 

132 

2.3405 

0.06215 

177 

7.024 

0.1577 

43 

0.1367 

0.00525 

88 

0 . 6533 

0.02065 

133 

2 . 4033 

0.06355 

178 

7.183 

0.1607 

44 

0.1420 

0.00543 

89 

0.6743 

0.02123 

134 

2.4675 

0.06495 

179 

7.345 

0.1637 

45 

0.1475 

0.00561 

90 

0.6958 

0.02182 

135 

2.5332 

0.06645 

180 

7.511 

0.1668 

46 

0.1532 

0.00580 

91 

0.7179 

0.02243 

136 

2.6004 

0.0680 

181 

7.679 

0.1699 

47 

0.1591 

0.00600 

92 

0.7406 

0.02305 

137 

2.6692 

0.0696 

182 

7.850 

0.1730 

48 

0.1652 

0.00620 

93 

0.7640 

0.02368 

138 

2.7396 

0.0712 

183 

8.025 

0.1762 

49 

0.1715 

0.00641 

94 

0.7880 

0.02432 

139 

2.8116 

0.0728 

184 

8.203 

0.1794 

50 

0.1780 

0.00663 

95 

0.8127 

0.02498 

140 

2.8851 

0.0744 

185 

8.384 

0.1827 

51 

0.1847 

0.00685 

96 

0.8380 

0.02566 

141 

2.9603 

0.0760 

186 

8.568 

0.1860 

52 

0.1917 

0.00708 

97 

0.8640 

0.02635 

142 

3.0371 

0.0776 

187 

8.756 

0.1894 

53 

0.1989 

0.00731 

98 

0.8907 

0.02705 

143 

3.1155 

0.0793 

188 

8.947 

0.1929 

54 

0.2063 

0.00754 

99 

0.9181 

0.02776 

144 

3.1956 

0.0810 

189 

9.142 

0.1964 

55 

0.2104 

0.00778 

100 

0.9462 

0.02849 

145 

3.2775 

0.0828 

190 

9.340 

0.1999 

56 

0.2219 

0.00803 

101 

0.9751 

0.02923 

146 

3.3612 

0.0846 

191 

9.542 

0.2035 

57 

0.2301 

0.00829 

102 

1.0047 

0.02999 

147 

3.4467 

0.0864 

192 

9.747 

0.2072 

58 

0.2385 

0.00856 

103 

1.0350 

0.03077 

148 

3.5341 

0.0883 

193 

9.956 

0.2109 

59 

0.2472 

0.00883 

104 

1.0662 

0.03157 

149 

3.6233 

0.0902 

194 

10.169 

0.2147 

60 

0.2561 

0.00911 

105 

1.0982 

0.03240 

150 

3.7141 

0.0921 

195 

10.385 

0.2185 

61 

0.2653 

0.00939 

106 

1.1310 

0.03325 

151 

3.808 

0.0940 

196 

10.606 

0.2224 

62 

0.2749 

0.00968 

107 

1.1647 

0.0341 

152 

3.903 

0.0960 

197 

10.830 

0.2263 

63 

0.2847 

0.00998 

108 

1 . 1992 

0.0350 

153 

4.000 

0.0980 

198 

11.058 

0.2303 

64 

0.2948 

0.01029 

109 

1 . 2347 

0.0359 

154 

4.099 

0.1001 

199 

11.291 

0.2343 

65 

0.3053 

0.01061 

110 

1.2711 

0.03685 

155 

4.200 

0.1022 

200 

11.527 

0.2384 

66 

0.3161 

0.01094 

111 

1.3084 

0.03775 

156 

4.303 

0.1043 

201 

11.767 

0.2425 

67 

0.3272 

0.01127 

112 

1.3466 

0.0387 

157 

4.408 

0.1064 

202 

12.013 

0.2467 

68 

0.3386 

0.01161 

113 

1.3858 

0.0397 

158 

4.516 

0.1086 

203 

12.261 

0 . 2509 

69 

0.3504 

0.01196 

114 

1.4260 

0.0407 

159 

4.625 

0.1108 

204 

12.514 

0.2552 

70 

0.3625 

0.01232 

115 

1.4671 

0.0417 

160 

4.737 

0.1131 

205 

12.771 

0.2595 

71 

0.3750 

0.01269 

116 

1.5093 

0.0427 

161 

4.852 

0.1154 

206 

13.033 

0.2639 

72 

0.3879 

0.01307 

117 

1.5525  0.04375 

162 

4.968 

0.1178 

207 

13.299 

0.2683 

.73 

0.4012 

0.01345 

118 

1.5968 

0.0448 

163 

5.087 

0.1202 

208 

13.569 

0.2728 

74 

0.4148 

0.01384 

119 

1.6421 

0.0459 

164 

5.209 

0.1227 

209 

13.845 

0.2783 

75 

0.4289,  0.01425 

120 

1.6886  0.0470 

165 

5.332 

0.1252 

210 

14.124 

0.2819 
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TABLE  1.— Continued 


t 

p     dp/dt 

t 

p             dp/di 

t 

P 

dp/dt 

t 

P 

dp/di 

211 

14.408  0.2866 

256 

1  33.085  0.5677 

301 

67.99 

1.015 

346 

127.67 

1.675 

212 

14.697  0.2914 

257 

33.657 

0.5758 

302 

69.01 

1.027 

347 

129.35 

1.693 

213 

14.991  0.2962 

258 

]  34.236 

0.5840 

303 

70.05 

1.0395 

348 

131.05 

1.711 

214 

15.290  0.3011 

259 

1  34.824 

0.5922 

304 

71.09 

1.052 

349 

132.77 

1.729 

215 

15.594[  0.3061 

260 

35.420 

0.6005 

305 

72.15 

1.065 

350 

134.51 

1.746 

216 

15.902  0,3111 

261 

36.025 

0.6088 

306 

73.22 

1.0775 

351 

136.26 

1.764 

217 

16.215  0.3162 

262 

36.638 

0.6172 

307 

74.31 

1.090 

352 

138.04 

1.782 

218 

16.534 

0.3214 

263 

37.259 

0.6256 

308 

75.40 

1.103 

353 

139.83 

1.800 

219 

16.858 

0.3266 

264 

37.888 

0.6341 

309 

76.51 

1.116 

354 

141.64 

1.818 

220 

17.187 

0.3319 

265 

38.526 

0.6426 

310 

77.64 

1.129 

355 

143.46 

1.836 

221 

17.521 

0.3372 

266 

39.173 

0.6513 

311 

78.77 

1.142 

356 

145.31 

1.855 

222 

17.860 

0.3426 

267 

39.828 

0.6600 

312 

79.92 

1.155 

357 

147.17 

1.874 

223 

18.205  0.3480 

268 

40.492 

0.6688 

313 

81.08 

1.169 

358 

149.06 

1.893 

224 

18.556  0.3535 

269 

41.165 

0.6777 

314 

82.26 

1.182 

359 

150.96 

1.912 

225 

18.913  0.3591 

270 

41.848 

0.6868 

315 

83.44 

1.195 

360 

152.88 

1.931 

226 

19.275  0.3648 

271 

42.54 

0.6960 

316 

84.65 

1.209 

361 

154.82 

1.951 

227 

19.643  0.3705 

272 

43.24 

0.7052 

317 

85.86 

1.223 

362 

156.78 

1.970 

228 

20.017  0.3763 

273 

43.95 

0.7145 

318 

87.09 

1.237 

363 

158.76 

1.990 

229 

20.396  0.3821 

274 

44.67 

0.7239 

319 

88.34 

1.251 

364 

160.76 

2.010 

230 

20.781  0.3880 

275 

45.40 

0.7334 

320 

89.60 

1.265 

365 

162.78 

2.029 

231 

21.172  0.3940 

276 

46.14 

0.7430 

321 

90.87 

1.280 

366 

164.82 

2.049 

232 

21.568  0.4000 

277 

46.88 

0.7527 

322 

92.16 

1.295 

367 

166.88 

2.069 

233 

21.970  0.4061 

278 

47.64 

0.7625 

323 

93.46 

1.309 

368 

168.96 

2.089 

234 

22.379  0.4123 

279 

48.41 

0.7725 

324 

94.78 

1.324 

369 

171.06 

2.108 

235 

22.794  0.4185 

280 

49.19 

0.7826 

325 

96.17 

1.339 

370 

173.18 

2.128 

236 

23.216  0.4248 

281 

49.98 

0.7926 

326 

97.45 

1.354 

371 

175.31 

2.148 

237 

23.644  0.4312 

282 

50.77 

0.8028 

327 

98.81 

1.369 

372 

177.47 

2.168 

238 

24.079  0.4377 

283 

51.58 

0.8131 

328 

100.19 

1.384 

373 

179.65 

2.189 

239 

24.520  0.4442 

284 

52.40 

0.8235 

329 

101.58 

1.400 

374 

181.85 

2.210 

240 

24. 967 i  0.4508 

285 

53.23 

0.8340 

330 

102.99 

1.415 

375 

184.07 

2.231 

241 

25.421'  0.4575 

286 

54.07 

0.8446 

331 

104.41 

1.430 

376 

186.31 

2.252 

242 

25.882'  0.4643 

287 

54.92 

0.8553 

332 

105.85 

1.445 

377 

188.58 

2.274 

243 

26.350  0.4711 

288 

55.78 

0.8661 

333 

107.30 

1.461 

378 

190.86 

2.296 

244 

26.825  0.4780 

289 

56.65 

0.8770 

334 

108.77 

1.477 

379 

193.17 

2.318 

245 

27.307  0.4850 

290 

57.53 

0.8880 

335 

110.26 

1.493 

380 

195.50 

2.341 

246 

27.795  0.4920 

291 

58.42 

0.8991 

336 

111.76 

1.509 

381 

197.86 

2.364 

247 

28.290:  0.4991 

292 

59.33 

0.9103 

337 

113.27 

1.525 

382 

200.23 

2.387 

248 

28.793  0.5063 

293 

60.25 

0.9216 

338 

114.81 

1.542 

383 

202.63 

2.410 

249 

29.303  0.5136 

294 

61.17 

0.9330 

339 

116.36 

1.558 

384 

205.05 

2.433 

250 

29.820!  0.5210 

295 

62.11 

0.9445 

340 

117.92 

1.574 

385 

207.49 

2.456 

251 

30.345  0.5285 

296 

63.06 

0.9561 

341 

119.50 

1.591 

386 

209.96 

2.479 

252 

30.877  0.5361 

297 

64.03 

0.9678 

342 

121.10 

1.607 

387 

212.45 

2.502 

253 

31.417  0.5438 

298 

65.00 

0.9796 

343 

122.72 

1.624 

388 

214.96 

2.525 

254 

31.965  0.5517 

299 

65.98 

0.9915 

344 

124.35 

1.641 

389 

217.50 

2.548 

255 

32.521  0.5596 

300 

66.98 

1.0035 

345 ; 

126.00 

1.658 

390 

220.06 

2.571 
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TABLE  1     Continued 


t 

1 
P 

dp/dt 

t 

P 

20 

dp/dt 

t 

P 

dp/dt 

i 

P 

1 

dp/dt 

391 

222.64 

2.594 

395 

233 

2.687 

398 

241.37 

2.759 

401 

249 

75 

2.832 

392 

225.24 

2.617 

396 

235 

90 

2.711 

399 

244.14 

2.783 

402 

252 

60 

2.857 

393 

227.87 

2.641 

397 

238 

62 

2.735 

400 

246.93 

2.807 

394 

230.52 

2.664 

_i 

TABLE  2     THE  SPECIFIC  HEAT  OF  WATER 


Temperature 

Regnault 

Dieterici 

Barnes 

Peabody 

Cent. 

Fahr. 

-5 

23 
32 
41 
50 
59 

68 
77 
86 
95 
104 

122 
140 
158 
176 
194 
212 

248 
284 
320 
356 
392 

428 
464 
500 
536 
572 

1.0158 

1.0094 

1.00530 

1.00230 

1.00030 

0.99895 
0.99806 
0.99759 
0.99735 
0.99735 

0.99800 
0.99910 
1.00035 
1.00166 
1.00305 
(1 .0044) 

0 

1.00000 

1.0075 
1.0037 
1.0008 
0.9987 

0.9974 
0.9970 
0.9971 
0.9972 
0.9974 

0.9983 
0.9995 
1.0012 
1.0032 
1.0057 
1.0086 

1.0157 
1.0244 
1.0348 
1.0468 
1.0605 

1.0758 
1.0928 
1.1115 
1.1318 
1.1538 

+  5 

10 

1.00049 

15 

20 

1.00116 

25 

30 

1.00201 

1.00304 

1.00425 
1.00564 
1.00721 
1.00896 
1.01089 
1.01300 

1.01776 
1.02324 
1.02944 
1.03636 
1.04400 

1.05236 
(1.06144) 
(1.07124) 
(1.08176) 
(1.09300) 

35 

40 

50 

60 
70 
80 
90 
100 

120 

0.99940 
1.00150 
1.00415 
1.00705 
1.01010 

1.01620 

140 

1.02230 

160 

1.02850 

180 

1.03475 

200 



1.04100 

220 

1.04760 

240 

260 

280 

300 

Regnault:  from  formula,  par.  9.     Above  200  deg.  cent,  his  formula  is  an  extrapolation. 

Dieterici:  from  table  in  original  publication,  computed  by  formula  from  40  deg.  cent,  upward. 

Barnes:  from  Physical  Review,  with  last  value  extrapolated. 

Peabody:  from  Steam  and  Entropy  Tables,  p.  10. 

Dieterici;  values  in  mean  calories  (heat  units),  others  in  15  deg.  cent,  units. 
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A  COMPARISON  OF  PRODUCER-GAS  AND  STEAM  EQUIPMENTS 

By  C.  L.  Straub/  New  York 
Non-Member 

So  much  interest  is  exhibited  both  by  the  engineering  profes- 
sion and  the  general  pubhc  in  the  application  of  producer  gas  power 
to  marine,  commercial  and  naval  service,  that  a  brief  summary  of 
recent  progress  in  this  field  appears  timely. 

2  Any  innovation  which  makes  for  improvement  in  present 
practices,  surely,  though  sometimes  slowly,  achieves  its  end.  Pro- 
ducer gas  power,  on  impartial  analysis,  offers  so  many  benefits  to 
marine  service  that  it  appears  strange  indeed  that  more  rapid  prog- 
ress has  not  been  made  in  its  adoption.  The  delay  appears  to  be 
due  to  several  causes: 

3  The  marine  public,  who  since  the  days  of  the  Clermont  have 
exclusively  associated  the  term  "motive  power"  with  "steam,"  have 
every  reason  for  demanding  exact  and  conclusive  evidence  of  the 
superiority  of  gas  power  or  any  other  power,  before  adopting  it  in 
lieu  of  their  present  methods.  This  evidence  is  only  now  slowly 
coming  forth.  Many  who  have  been  credited  with  authority  by  the 
engineering  profession  and  others,  either  through  ignorance  or  through 
being  misinformed,  have  beset  the  way  of  marine  gas  power  with 
numberless  imaginary  obstacles,  ridiculous  in  proportion  to  the  real 
difficulties,  but  sufficient  nevertheless  to  instill  some  doubt  of  the 
possibilities  of  the  system,  into  the  minds  of  the  waiting  public. 

4  Only  recently  has  such  progress  been  made  in  the  development 
of  gas  power  for  marine  work,  as  to  warrant  its  early  adoption  in 
commercial  service.  Two  years  ago,  less  than  300  h.p.  in  the  aggre- 
gate was  being  developed  by  marine  producer  gas  power  installations; 
these  were  experimental  in  nature  and  were  of  the  German  Capitaine 

'With  the  Loomis- Petti  bone  Co.,  New  York. 
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type.     There  are  now  installed  and  accepted  23  Capitaine  marine 
plants,  aggregating  2035  h.p.,  a  partial  list  of  which  follows: 

a  Emil   Capitaine:  Launch,    60    b.h.p.;   4-cylinder   single-acting,    4-cycle 

engine;  Ijoat  60  ft.  long,  10  ft.  beam,  4  ft.  deep;  ran  an  average  .speed 

of  10  miles  for  10  hr.  on  412  lb.  of  anthracite  coal. 
h  Rex:     Sea-going  Swedish  boat;  102  ft.  long;  22  ft.  beam,  carries  350  tons 

on  9-ft.  draft;  fitted  with  a  3-cylinder  single-acting,  45-h.p.  engine  at 

300  r.p.m.     • 
c  Capitaine:  Tow  boat  at  Genoa;   length   47  ft.,  beam"  12  ft,  draft  7  ft: 

fitted  with  a  3-cylinder,  single-acting,  4-cycle  engine,   105  b.h.]).  at 

240  r.p.m. 
d  Duchess:  Canal  barge;  length  71  ft.,  beam  7  ft.  1  in.;  carries  20   ton> 

cargo  on  42-in.  draft;  fitted  with  double-cylinder,  single-acting,  4-cycle 

engine  of  25  b.h.p. 
('  Dusseldorf:  Tug  at   Hamburg;   fitted  with   a  4-cylinder,  single-acting. 

4-cycle  engine,  60  b.h.p.  at  240  r.p.m. 
/  Isee:  Tug,   fitted  with   a   3-cylinder,   single-acting,   4-cycle   engine,   45 

b.h.p.,  300  r.p.m. 
(/  Wilhelm:  Combination  freight  and  passenger  Rhine  boat,  fitted  with  a 

5-cylinder,  single-acting  engine,   175  b.h.p.  at  240  r.p.m. 
h.  Badenia:  Rhine  freight    boat,  fitted  with  a   2-cylinder,    single-acting, 

4-cycle  engine  of  30  b.h.p. 
i  Katrina:     Canal   freight   boat,  fitted   with   a   3-cylinder,  single-acting, 

4-cycle  engine,  45  b.h.p. 
/  Marie:  Canal   freight    boat;     fitted     with    a   3-cylinder,     single-acting, 

4-cycle  engine,  45  b.h.p. 
k  Hoffnung:  Combination  freight  and  passenger  Rhine  boat,  fitted  with 

a  5-cylinder,  single-acting,  4-cycle  engine  of  210  b.h.p. 
I  Amersie:  Volga   freight   boat,    fitted   with    a   4-cylinder,    single-acting, 

4-cycle  engine  of  60  b,h.p. 
m.  No.  58:  Canal  freight    boat,    fitted    with    a   4-cylinder,    single-acting, 

4-cycle  engine  of  60  b.h.p. 

5  In  addition  to  the  above  there  were  a  nmnber  of  freight  boats, 
the  dimensions  and  names  of  which  we  were  unable  to  obtain,  but 
whose  power  plants  varied  in  capacity  from  30  to  175  h.j).  each. 

n  H.  M.  S.  Rattler:  An  old  gun  boat,  165  ft.  long,  29  ft.  beam,  originally 
fitted  with  a  triple  expansion  engine.  The  gas  engine  is  5-cylinder, 
single-acting,  4-cycle.  Cylinders  20  in.  diameter  by  24  in.  stroke, 
developing  500  b.h.p.  at  120  r.p.m.  This  engine  is  started  by  means 
of  a  mixture  of  gas  and  air  which  is  pimiped  into  the  cylinders  at  a 
pressure  of  about  95  lb.  per  s(|.  in.  This  complete  plant  was  designed 
entirely  in  the  Capitaine  Works  at  Dusseldorf.  The  total  weight 
of  the  entire  plant,  including  the  donkey  boiler  for  working  the  pumps 
and  auxiliaries,  is  94  tons,  as  compared  with  150  tons  in  the  case  of 
the  displaced  steam  engine.  A  consumption  of  1525  lb.  of  coal  was 
made  for  a  measured  distance  of  45  knots  on  an  average  speed  of 
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10.^  knots  per  hr.  The  cost  per  mile  for  luel  with  coal  at  15s.  Gd.  per 
ton  is  $0,064  U.  S.  currency.  This  boat  made  a  maximum  speed  of 
11.3  knots  per  hr.  against  a  H  knot  current  at  110  r.p.m.  of  the 
engine  shaft. 

6  All  of  the  above  plants  by  their  design  and  construction  "are 
restricted  to  operation  on  anthracite  coal,  coke  or  hard-burned  char- 
coal, and  any  plant  so  restricted  by  its  design  to  one  class  of  fuel  is 
seriously  limited  in  its  scope  of  application.  The  development  of  a 
simple  marine  gas-produc£r  for  use  with  any  class  of  solid  fuel  is  a 
necessity,  if  the  system  is  to  be  considered  seriously  by  the  marine 
profession. 

7  The  writer  is  fortimate  in  having  been  associated  with  some 
recent  American  developments  both  in  stationary  and  marine  gas- 
power  plants,  a  brief  survey  of  a  portion  of  which  will  enable  us  to 
draw  more  clearly  the  comparison  between  a  typical  steam  and  a 
possible  gas  installation. 

8  There  are  in  commercial  operation  in  this  country  today,  two 
distinct  types  of  stationary  power  gas-producers  which  are  suited  by 
their  design  for  operation  on  almost  any  class  of  solid  fuel.  They  may, 
by  their  systems  of  operation,  be  qualified  as  up-draft  and  down- 
draft  producers. 

9  In  the  up-draft  producer,  the  fuel  is  charged  into  the  generator 
through  an  air-tight  mechanism  at  the  top,  while  air  and  steam,  or 
air  and  products  of  combustion  are  admitted  at  the  bottom  of  the 
fuel  bed,  and  passing  upward,  leave  the  generator  at  the  top  in  contact 
with  the  fresh  fuel.  Almost  all  of  the  hydro-carbons  leave  the 
generator  unfixed  with  the  hot  gas,  only  to  be  condensed  later  in  the 
gas  coojers  or  scrubbers  and  gas  mains,  forming  large  amounts  of  tar, 
which,  if  not  removed  to  a  minute  degree,  will  positively  prevent  the 
operation  of  the  engine.  The  removal  of  this  tar  is  troublesome  and  is 
accomplished  at  a  loss  of  power  and  efficiency.  The  fuel  in  the  upper 
zone  of  the  bed  in  the  up-draft  producers  cokes  and  cakes  so  seriously 
as  to  require  continuous  poking  of  the  fuel  bed,  either  mechanically  or 
by  hand.  These  features  and  others  in  this  type  of  apparatus  contrib- 
ute to  limit  the  rates  of  combustion  per  sq.  ft.  of  grate  to  a  relatively 
low  quantit}'.  All  things  considered,  therefore,  this  type  of  appara- 
tus has  not  lent  itself  agreeably  to  modification  for  marine  service. 

10  In  the  down-draft  type  of  apparatus,  the  fuel  is  charged  by 
hand  through  a  large  door  at  the  top  of  the  producer,  which  is  nor- 
mally in  an  open  position,  allowing  the  operator  unrestricted  inspection 
of  the  whole  upper  zone  of  the  fuel  bed.     The  hydro-carbons  con- 


676  MARINE    PRODUCER   GAS    POWER 

tained  in  the  fuel  are  driven  off  in  the  upper  zone,  mixed  with  air  and 
almost  completely  burned,  and  the  burnt  products,  passing  downward 
through  the  relatively  deep  bed  of  fuel,  are  decomposed  and  regener- 
ated into  carbon-monoxid  and  hydrogen  gases.  All  of  the  tar  and  the 
lighter  hydro-carbons  are  completely  fixed  in  this  process,  and  no  tar 
is  found  in  condensation  in  any  portion  of  the  plant  after  cooling. 
Coking  or  caldng  of  the  fuel  bed  is  not  detrimental,  but  on  the  other 
hand,  assists  in  keeping  the  fire  in  the  open  porous  condition,  which  is 
desirable  and  necessary  where  high  rates  of  combustion  obtain.  This 
feature  eliminates  the  poking  necessary  in  the  up-draft  apparatus. 
The  gas  leaves  the  bottom  of  the  producer  through  brick-lined  connec- 
tions, and  a  portion  of  the  sensible  heat  is  extracted  in  passing  through 
an  economizer.  The  gas  is  then  cooled  and  washed  and  passed 
through  an  exhausting  mechanism,  whence  it  is  delivered  under 
pressure  to  the  engine. 

11  This  type  of  apparatus  lends  itself  admirably  to  the  high  rate 
of  fuel  combustion,  which  for  the  sake  of  economy  in  space  and  weight 
is  desirable  in  marine  service.  There  are  in  actual  commercial  opera- 
tion today,  a  number  of  plants  of  this  type  having  an  average  fuel 
consumption  of  over  40  lb,  of  good  bituminous  coal  per  sq.  ft.  of  grate 
per  hr.  These  producers  are  sold  on  a  rating  of  from  18  lb.  to  20  lb.  of 
fuel  per  sq.  ft.  of  grate  per  hr.,  which  is  almost  100  per  cent  greater 
than  the  average  rating  of  the  up-draft  type  of  producers. 

12  Undoubtedly  a  better  method  of  measuring  the  ability  or 
success  of  these  two  systems,  is  to  make  note  of  the  number  and  capa- 
city of  plants  of  each  type  in  actual  operation  on  engine  service.  A 
report  of  the  Committee  on  Gas  Engines  of  the  National  Electric  Light 
Association,  spring  of  1908,  showed  that  in  gas-engine  power  plants, 
of  capacities  of  over  300  h.p.  each,  there  were  in  operation  32  plants  of 
both  types  having  a  total  capacity  of  57,225  h.p.  Of  these,  4  plants 
were  of  the  up-draft  type,  having  an  aggregate  capacity  of  4050  h.p., 
and  28  plants  were  of  the  down-draft  type,  with  an  aggregate  capacity 
of  53,175  h.p.  The  latter  contain  the  Loomis-Pettibone  gas-generat- 
ing apparatus,  some  of  which  has  been  in  operation*  on  engine  >service 
for  13  years. 

13  Three  years  have  been  devoted  to  the  modification  of  these 
stationary  plants  for  marine  service.  The  work  involved  a  reduction 
in  the  size  and  weight  of  the  generators;  complete  revision  of  the 
scrubbing,  gas  cleansing  and  exhausting  mechanism;  elimination  of  all 
gas  holders,  storage  receptacles,  mixing  chambers,  etc. 

14  The  plant  as  modified  to  date  has  a  light  compact  producer, 
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which  while  retaining  the  same  rate  of  combustion  as  the  stationary 
apparatus,  has  materially  reduced  dimensions  and  weight  of  the  shells, 
brick  lining,  fittings,  etc.  The  economizer  boilers  wliich  were  used  on 
stationary  work  have  been  abandoned,  and  replaced  with  light  air- 
heating  economizers.  The  gas-coolers  no  longer  contain  any  coke  or 
broken  material,  or  wooden  trays,  and  are  built  of  very  light,  non-corro- 
sive sheet  metal,  and  arranged  for  either  vertical  or  horizontal  posi- 
tions, the  latter  arrangement  being  convenient  for  space  which  would 
be  otherwise  wasted  in  the  vessel.  The  cooled  and  partially  cleansed 
gas  is  drawn  through  the  above  portion  of  the  plant  by  a  centrifugal 
gas-cleaning  exhauster,  driven  by  direct-connected  motor.  The  gas 
passes  directly  from  the  exhauster  under  pressure,  through  an  auto- 
matic pressure  regulating  valve,  to  the  engine  manifold. 

15  That  the  plant  is  adaptable  for  marine  service  with  regard  to 
space  occupied  and  weight,  may  be  seen  from  the  following  conserva- 
tive estimate: 

Plants  of  from  100  to  500  h.p.  each  occupy  from  0.4  to  0.5  sq.  ft. 
per  h.p.,  and  weigh  from  70  lb.  to  90  lb.  per  h.p.,  including  all 
auxiliaries,  piping,  etc.;  plants  of  from  500 h.p.  to  1000  h.p. 
occupy  from  0.03 sq.  ft.  to  0.45sq.  ft.  per  h.p.,  and  weigh  from 
401b.  to  70  lb.  per  h.p.,  including  all  auxiliaries,  piping,  etc. 

16  Undoubtedly  the  rational  opportunity  at  the  present  time  for 
marine  gas  power  lies  in  commercial  service,  in  which  regard  the  most 
rapid  advancement  in  America  has  been  made  in  the  freight,  ore  and 
fuel  carriers  of  the  Great  Lakes. 

17  We  have  therefore  taken  for  our  example  a  ship  built  from 
the  designs  of  Messrs.  Babcock  &  Penton  within  the  last  year. 
For  the  sake  of  clearness,  the  views  show  only  the  machinery  space; 
all  of  the  ladders,  stairways  and  grates  have  been  omitted  from  the 
plans,  and^the  piping  is  shown  only  on  the  gas  installation.  The 
machinery  installation  proper  is  all  there,  however,  and  while  the 
parts  eliminated  are  merely  accessory,  the  contrast  between  the  two 
plants  would  be  all  the  more  striking  were  they  included. 

18  The  boat  is  a  modern  Lake  freighter  and  represents  the  best 
standard  practice  in  this  service.  She  is  306  ft.  long  over  all,  45  ft. 
beam  and  24  ft.  deep.  Her  present  power  equipment  consists  of  a 
single-screw,  triple-expansion,  three-crank  condensing  engine,  18-30- 
50  by  36  in.  stroke.  She  indicates  1050  h.p.  at  90  to  95  r.p.m.  The 
engine  is  of  the  typical  box-front  columns  and  condenser  back-frame 
type.     She  is  fitted  with  direct-connected  air  pump  and  has  independ- 
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ent  steam-driven  reciprocating,  circulating,  bilge,  sanitary  and  feed 
pumps.  The  complete  engine  room  weight,  including  piping  and  all 
auxiUaries,  is,  in  round  figures,  182,000  lb. 

19  The  boiler  room  equipment  consists  of  two  single-ended  Scotch 
boilers  1 1  ft.  10  in.  mean  diameter  each;  1 1  ft.  length  over  heads  each , 
operating  on  a  working  pressure  of  ISO  lb.  per  sq.  in.  Each  boiler  is 
fitted  with  two  42-in.  corrugated  furnaces  and  has  two  hundred  and 
forty-four  2f-in.  tubes.  The  grate  surface  is  36 J  sq.  ft.  and  the  heat- 
ing surface  1642  sq.  ft.  in  each  boiler. 

20  The  boilers  are  fitted  with  forced  draft  from  a  66-in.  steam- 
driven  fan.  The  air  for  the  draft  is  taken  from  the  stoke  hole  and  the 
fan  is  located  in  the  engine  room.  The  fan  discharge  passes  through 
air  heaters  in  the  up-take  and  thence  through  ducts  to  the  under  side 
of  the  grates.  The  complete  boiler-room  weight,  including  water  in 
the  boilers,  but  not  fuel,  is  170,000  lb.  These  Weights  are  actual 
figures. 

21  The  coal  bunker  extends  from  the  main  deck  to  the  tank  top 
and  is  arranged  athwartship.  It  has  a  capacity  of  170  tons.  The 
bunker  doors  face  the  stokers  on  the  stoke  hole  floor.  The  bunker  is 
6  ft.  fore  and  aft  at  the  stoke  hole.  The  distance  from  the  forward  to 
after  bulkhead  in  the  boiler  room  is  24  ft.  0  in.  The  distance  from  the 
forward  to  the  after  bulkhead  in  the  engine  room  is  22  ft.  0  in.,  making 
a  total  over-all  length  for  the  plant,  including  bunkers,  of  52  ft.  0.  in. 

22  The  coal  consumption  on  this  vessel  is  from  1.08  II).  to  2  lb. 
per  i.l'.p.-hr.     This  coal  is  of  approximately  13,500  B.  t.  u.  per  lb. 

23  The  problem  of  substitution  of  gas  for  steam,  aside  from  the 
design  of  the  construction  of  the  gas  producers  or  cylinders  of  the  gas 
engines,  has  been  thoroughly  worked  out  by  Messrs.  Babcock  &  Pen- 
ton,  of  Cleveland.  The  illustrations  show  two  different  arrangements 
of  gas  producers  with  the  same  engine.  The  proposed  gas  engine  is  a 
four-cylinder,  double-acting,  reversing  type,  having  cylinders  24 
in.  bore  by  36  in.  stroke,  delivering  1000  b.h.p.  at  100  r.p.m.  The 
reversing  is  accomplished  by  means  of  compressed  air,  which  is  used 
to  shift  the  cams  from  the  head  to  the  stern  position.  Compressed 
air  is  admitted  to  the  cylinders  by  timed  cams  in  proper  cycle.  The 
crank  shaft  of  the  engine  is  rigidly  coupled  to  the  tail  shaft  of  the 
screw. 

24  The  illustrations  show  a  column-framed  engine.  Since  making 
this  layout,  the  design  of  the  engine  has  been  modified  to  meet  all  of 
the  present  marine  conditions  now  found  in  marine  engine  design  on 
the  Lakes.     In  fact,  with  the  exception  of  the  condenser  shown  on  the 
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steam  draAvings,  the  gas  engine  frame  will  be  very  similar  to  the  steam 
engine. 

25  For  the  generation  of  current  to  drive  the  auxiliaries,  there 
will  be  installed  a  double-cylinder,  double-acting  gas  engine,  direct- 
connected  to  a  50-kw.  direct-current  generator.  All  of  the  pumps 
and  auxiliaries  will  be  motor-driven.  A  smaller  direct-connected 
unit  operating  on  oil  will  be  used  for  pumping,  blowing  fires,  or 
other  service,  when  the  gas  plant  is  down.  Allowing  a  distance  of 
4  ft.  3  in.  between  the  forward  bulkhead  in  engine  room  and  the 
forward  side  of  the  flywheel,  which  distance  is  one  foot  greater  than 
that  in  the  steam  installation,  we  have  an  over-all  distance  between 
forAvard  and  after  bulkheads  in  the  engine  room  of  19  ft.  6  in. 

26  As  previously  stated,  two  arrangements  of  producer  room  are 
shown.  The  first,  the  four- generator  plant,  consists  of  four  6  ft.  by 
9  ft.  generators,  each  fitted  with  independent  econoniiizers.  The  for- 
ward pair  and  the  after  pair  are  connected  independently  to  two 
horizontal  gas  scrubbers,  which  are  shown  slung  under  the  main  deck 
beams.  The  gas  passes  from  these  scrubbers  to  independent  motor- 
driven  centrifugal  gas-cleaning  fans,  whence  it  is  delivered,  either 
through  common  connection  to  a  purge  or  blow-off  pipe  which  also 
acts  as  a  by-pass,  or  through  two  gas  pressure  regulator  valves  to  the 
air  and  gas  mixing  valve  at  the  engine  manifold.  The  6  ft.  generators 
require  only  one  cleaning  door  each.  As  a  result  a  single  cleaning 
space  suffices  for  the  four  machines,  allowing  them  to  be  grouped  with 
reference  to  athwartship  space,  so  as  to  give  ample  room  on  each  side 
of  the  vessel  for  coal  bunkers.  The  total  space  occupied  by  the  pro- 
ducer plant  is  21  ft.  10  in.  athwartship,  and  15  ft.  between  forward  and 
after  bulkheads.  The  producer  room  weight,  including  generators, 
economizers,  piping,  and  scrubbers,  complete,  of  the  four-generator 
set,  is  110,000  lb.  This  weight  is  estimated,  but  has  been  carefully 
checked  and  completely  covers  all  the  mechanism.  In  addition  to  the 
a])ove  mechanism,  there  will  be  a  heating  boiler  which  is  shown  on  the 
nuiin  deck.  This  boiler  will  serve  to  furnish  loAv-pressure  steam  for 
heating  the  vessel  and  supplying  hot  water  for  washing  down  decks, 
etc.     This  boiler,  with  water,  will  weigh  about  8000  lb. 

27  The  two-generator  producer  plant,  which  will  undoubtedly  be 
the  one  installed,  will  consist  of  two  8  ft.  diameter  by  9  ft.  6  in.  generat- 
ors, connected  to  independent  air  economizers  and  each  fitted  with 
an  independent  horizontal  scrubber,  located  athwartship  under  the 
main  deck  beams.  The  gas  outlet  at  the  scrubbers  will  be  connected 
with  a  c7n:)ss-over,  so  that  either  exhauster  may  operate  either  or  both 
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producer  plants.  The  exhausters  are  installed  in  duplicate  and  are 
connected  with  common  purge  or  blow-off  and  common  gas  outlets 
leading  either  through  one  pressure-regulator  valve,  or  through  a  by- 
pass direct  to  the  air  and  gas  mixing  valves  at  the  engine  manifold. 

28  On  account  of  the  fact  that  the  8-ft.  generators  require  two 
cleaning  doors  set  at  120  deg.  the  double-generator  unit  plant  will 
require  the  full  athwartship  space  in  the  producer  room.  The  approxi- 
mate floor  space  occupied,  therefore,  will  be  30  ft.  athwartship  and 
15  ft.  between  forward  and  after  bulkheads.  The  producer-room 
weight,  including  generators,  economizers,  piping  and  scrubbers 
complete  for  the  two-generator  set,  is  82,000  lb.  This  weight  is 
estimated,  but  has  been  carefully  checked  and  completely  covers  all 
of  the  mechanism.  As  in  the  case  of  the  four-generator  plant,  a 
low-pressure  boiler  for  heating  service  will  be  installed.  In  the  two- 
generator  plant,  however,  this  boiler  will  be  located  on  the  producer- 
operating  floor,  so  that  one  set  of  firemen  may  suffice  for  both. 

29  The  only  guide  we  have  for  estimating  the  probable  fuel  con- 
sumption for  this  service  is  found  in  the  large  number  of  stationary 
producer  gas  power  plants  now  in  operation.  Fortunately,  in  marine 
service,  the  load  factor  will  be  uniformly  much  higher  than  that  found 
in  any  stationary  service  to  which  gas  power  is  applied  at  the  present 
time.  The  builders  of  this  apparatus  are  prepared  to  guarantee  one 
brake  horse  power  per  hr.  on  one  lb.  of  good  bituminous  coal,  averag- 
ing 13,500  B.t.u.  per  lb. 

30  Messrs.  Babcock  &  Penton,  the  engineers  who  designed  and 
built  the  steam  plant,  and  who  have  spent  years  on  the  problem  of  the 
substitution  of  gas  for  steam,  have  suggested  that  the  coal  bunker, 
which  will  be  placed  above  the  charging  deck  of  the  producer,  should 
have  a  capacity  of  about  80  tons  of  coal.  These  bunkers  will  run  from 
the  charging  deck  to  the  deck-house  and  will  have  doors  opening 
closely  adjacent  to  the  charging  doors  of  the  generators,  so  that  little 
or  no  coal  passing  on  the  operating  deck  will  be  required. 

31  In  making  the  comparison  shown  in  the  table,  it  is  unnecessary 
to  go  into  the  cost  of  fuel,  labor,  hours  of  service,  etc.,  as  these  ele- 
ments vary  with  every  class  of  service.  In  this  particular  proposition, 
it  will  suffice  to  state  that  the  engineers  who  have  been  working  on 
this  substitution  problem  have  conservatively  figured  that  with  the 
saving  in  fuel  and  the  increased  cargo  carried,  the  cost  of  the  com- 
plete plant  will  be  saved  in  two  years  of  operation. 

32  While^the  gas  plant  here  described  has  neither  been'constructed 
nor  ordered  at  this  writing,  its  forthcoming  will  not  be  long  delayed, 
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TABLE  I     COMPARISON  OF  POWER  PLANTS   FOR  GREAT  LAKES 
FREIGHT-CARRIER 

Length  over  all 306  ft.  0  in.       Displacement Tons  gross 

Beam 45  ft.  0  in.       Cargo 4200  net  lb.,  18  ft.  draft 

Depth ". 24  ft.  0.  in.       Speed,  12  statute  miles  per  hr.  on  900 

i.h.p. 
Steam  Gas 

engine  room  engine  room 

3-cyhnder    triple-expansion,    condens-  4-cylinder,  4-cycle,   double-acting,  gas 

ing,  18-30-50  by  36  in.,  1050  i.h.p.  at  engine,  24  in.  diam.,  by  36  in.  stroke 

90  to  95  r.p.m.  1000  b.h.p.  at  95  r.p.m. 

Auxiliaries  steam-driven  Auxiliaries  motor-driven 

Length  between  bulkheads,  22  ft.  0  in.  Length  between  bulkheads,  19  ft.  6  in. 

Engine  room  weights,  including  auxili-  Engine  room  weights,  105,000  lb. 
aries  and  piping,  182,000  lb. 


BOILER  ROOM 

2  single-ended  Scotch  boilers  fitted 
with  economizers,  forced  draught. 
Length  each  boiler,  overheads  11  ft. 
Oin. 

Mean  diameter,  each,  11  ft.  10  in. 

Two  42-in.  furnaces  each 

244  2f-in.  tubes,  each 

Grate  surface,  each,  36.75  sq.  ft. 
Heating  surface,  each,  1642  sq.  ft. 
Boiler  room  weight,  water  in'boilers, 

no  fuel,  170,000  lb. 
Length  boiler  room  24  ft.  0  in. 
Length  boiler  room,  includes  bunkers, 

30  ft.  0  in. 


Square    feet    boiler    room,    including 

bunkers,  900 
Square  feet  per  h.p.,  0.9 

Bunker  capacity,  340,000  lb. 

Total  weight,  machinery  and  fuel,  692,- 
000  lb. 

Total  length  of  machinery  space  includ- 
ing bunkers,  52  ft.  0  in. 


PRODUCER   ROOM 


Two    down-draft    gas   producers    and 
auxiliaries 


Diameter  shell,  each  generator,  8  ft.O.  in. 
Inside  diameter,  lining  generator,  6.  ft. 

3  in. 
Height  shell,  each  generator,  9  ft.  6  in. 
Grate  surface,   each  generator,    30.67 

sq.  ft. 
Producer  room  weights,  no  water,  no 

fuel,  82,000  lb. 

Length  producer  room,  includes  bunk- 
ers,  15  ft.  0  in. 

Square  feet  producer  room,  450 

Square  feet  per  h.p.,  0.45 

Square  feet  producer  room  with  four 
smaller  generators,  330 

Square  feet  per  h.p.,  four  generators, 
0.33 

Bunker  capacity,  160,000  lb. 

Total  weight,  machinery  and  fuel, 
347,000  lb. 

Total  length  of  machinery  space,  34  ft. 
6  in. 

Saving  in  weight,  355,000  lb. 

Saving  in  fore-and-aft  length,  17  ft.  6  in. 

Saving  in  cubic  space  17  ft.  6  in.  by  32 
ft.  beam  by  20  ft.  high,  11,200  cu.ft. 
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and  this  comparison,  while  somewhat  premature,  is  made  to  present 
the  possibilities  of  marine  producer  gas  power  to  those  interested  in 
its  future. 

33  A  marine  bituminous  gas  plant,  similar  in  construction  and 
operation  to  the  one  described,  but  of  300-h.p.  capacity,  has  been  in 
commercial  operation  driving  a  six-cylinder,  single-acting,  reversing 
marine  gas  engine  for  over  a  year.  The  results  obtained  give  ample 
security  for  the  statements  made  in  this  paper,  and  point  to  the  early 
adoption  of  this  type  of  prime  mover  for  our  marine  commercial  ser- 
vice. 


A  UNIQUE  BELT  CONVEYOR 

By  E.  C.  Soper,  Detroit,  Mich. 
Member  of  the  Society 

It  is  quite  possible  that  a  descript^'on  of  a  belt  conveyor  a  quarter 
of  a  mile  long,  and  requiring  more  power  to  operate  empty  than 
loaded,  will  be  interesting  to  some  of  the  members  and  since  its 
installation  and  operation  are  at  variance  from  the  prescribed  rules 
of  conveyor  design,  we  beg  to  submit  the  following: 

2  The  belt  conveyor  was  built  during  the  summer  of  1908  in  one 
of  the  large  portland  cement  plants  of  the  South.  It  consists  of  a 
24-in.  8-ply  canvas  belt  in  two  sections,  one  section  about  1000  ft. 
between  centers,  and  the  other  with  1100  ft.  between  centers,  its 
function  being  to  convey  the  shale  used  in  the  manufacture  of  the 
cement,  from  the  shale  quarry  to  the  plant.  The  shale  deposit  is 
located  on  a  mountain  about  247  ft.  above  the  shale  storage  tanks, 
as  shown  in  profile,  Fig.  1.  The  two  sections  intersect  at  an  angle 
of  140  deg.  40  min.,  so  that  the  blasting  from  the  limestone  quarry 
does  not  interfere  with  the  operation  of  the  belt-  The  belt  conveys 
the  shale  around  the  limestone  quarry,  as  shown  in  plan,  Fig.  1. 

3  The  belt  is  flat  and  carried  by  rollers,  the  top  row  having  4  ft. 
between  centers  and  the  return  idlers  12  ft.  between  centers.  Guide 
rollers  are  placed  with  about  40  ft.  between  centers  along  both  upper 
and  lower  belts.  (See  Fig.  2.)  The  majority  of  manufacturers  of 
belt  conveyors  recommend  the  maximum  length  between  centers  of 
a  single  belt  to  be  about  700  ft.  to  800  ft. 

4  Referring  to  Fig.  1,  the  belt  conveys  the  material  down-hill, 
and  to  this  fact  is  due  the  apparently  parodoxical  results  in  power 
required  to  operate,  shown  in  Tables  1  and  2. 

5  Because  of  the  extreme  length  of  the  belt,  and  the  fact  that 
there  is  no  roof  or  other  covering,  it  was  necessary  to  install  some 
system  for  taking  care  of  the  expansion  and  contraction,  in  addition 

To  be  presented  at  the  Washington  Meeting  (May  1909)  of  The  American 
Society  of  Mechanical  Engineers.     All  papers  are  subject  to  revision. 
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to  the  ordinary  stretch  of  the  bolt,  which  is  taken  up  in  the  majority 
of  installations  by  24-ih.,  .36-in.  or  4S-in.  takeups,  according  to 
length  of  belt.  A  set  of  36-in.  takeups,  (Fig.  3)  was  installed  at 
the  u])p(>r  end  of  each  of  these  l)elts  to  maintain  aligimient  and  ecpial 
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PLAN 
Fig.  1     Profil'o  iShowing  Elpjvation  and  Plan  of  Conveyors 

tension  on  each  edge  of  the  Ixdt.     The  system  installed  acts  as   a 
tension  carriage  and  makes  it  less  often  necessary  to   cut  out  the 
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FORWARD  IDLERS  1  RETURN  IDLERS 

Fig.  2     Details  of    Forward  and  Return  Idlers 

slack  in  tlie  belt  ,and  in  cool  and  wet  weather  the  belt  adjusts  itself,  the 
increased  tension  due  to  contraction  raising  the  weight  in  the  tower. 
A  lO-h.p.  motor  drives  each  section.  The  lower  section  has  a  6-ft. 
drop  and  requires  approximately  5.1  h.p.  to  operate  empty  and  5.1  h.p. 
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Fig.  4     View  of  Discharge  from      Fig.  5      Looking  Down  on    First 
Upper  to  Lower  Section  or  Lower  Section 


Fig.  (j     Side    View   of   Upper  Section 
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to  carry  a  load  of  1200  lb.,  as  shoveled  by  ten  men.  (See  tests  which 
follow.)  The  discharge  from  the  upper  to  the  lower  sections  through 
a  chute  is  shown  in  Fig.  4.  There  is  no  spilling  of  material  at  any 
l)oint  of  the  travel,  and  pieces  of  shale  a  cubic  foot  in  size  are  carried. 
The  upper  section  is  driven,  contrary  to  practice,  at  the  upper  end, 
the  pull  being  on  the  lower  or  slack  side  of  the  belt,  but  in  this  case, 
due  to  the  pull  of  gravity  on  the  top  side,  the  belt  was  found  to  work 
better  with  the  inill  on  the  lower  side. 


Fig.  7     General  View  Showing  Both  Belts 


6  The  several  halftones  give  views  of  the  belt  taken  from  different 
points.  In  clearing  a  way  through  the  woods,  the  poles  obtained  were 
utilized  for  trestling  and  the  planking  was  obtained  from  the  scrap 
pile  of  concrete-form  lumber. 

7  Fig.  6  is  a  side  view  of  the  lower  end  of  the  upper  section,  show- 
ing the  two  depressions  in  the  belt,  and  though  these  depressions  do 
not  conform  closely  to  the  prescribed  radius  of  300  ft.,  there  is  no 
lifting  of  the  belt  from  the  carrying  idlers. 

8  Power  tests  were  made  on  the  two  sections  after  the  belt  had 
been  operating  a  few  days,  with  the  following  results;  the  speed  of 
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the  belt  of  the  lower  section,  which  has  a  grade  of  2.4  per  cent  for  665 
ft.,  or  0.024  X  665  =  16  ft.,  was  146  ft.  per  min.;  the  belt  was  driven 
by  a  10-h.p.  direct-current  Westinghouse  motor,  and  was  loaded  2.2 
lb.  per  ft.  for  a  distance  of  550  ft.,  or  1210  lb.;  this  load  fell  16  ft.  in 
5  min.     Then 


1210  X  16 


=  3520  ft.-lb.  of  work  exerted  by  load 


or, 


qeof)  1 

=  —  h.p.  (approx.)  helping  to  pull  the  belt. 

33,000        11      ^       "^^ 


When  the  belt  was  loaded  as  above,  a  test  of  the  motor  showed  that 
16  amperes,  239  volts,  or  5.1  h.p.,  were  required.  There  was  no 
appreciable  difference  in  the  ammeter  and  voltmeter  readings,  when 
belt  was  empty  or  loaded,  as  in  test. 

9  When  the  belts  were  installed,  after  trying  them  out  and  ascer- 
taining how  easily  they  could  be  operated,  a  sprocket  was  placed  on 
the  tail-shaft  of  the  lower  section  and  also  one  on  the  head-shaft  of 
the  upper  section,  and  the  two  sprockets  were  connected  by  a  vertical 
quarter-twist  chain.  The  idea  was  to  drive  both  belts  by  a  10-h.p. 
motor  at  the  head  of  the  lower  belt  section,  after  all  shafts  had 
become  well  seated  in  the  bearings  and  the  stiffness  had  disappeared 
from  the  belt  and  it  was  in  good  operating  condition.  This  was  also 
necessary  in  order  to  take  up  the  slack  in  the  upper  section  when 
starting,  and  the  speeds  were  such  that  the  top  side  of  the  belt  ran  3  ft. 
per  min.  faster  than  the  lower  side.  The  results  of  a  series  of  tests  are 
given  in  Tables  1  and  2. 

TABLE  1     POWER  TESTS  OF  BELTS  UNDER  CONDITIONS  NOTED  IN  TEXT 


TniE 

(A.M.) 

Volts 

Ampebes 

Watts 

H.P. 

Notes 

9:50 
10:08 

207 
210 

12 
12 

2484 
2520 

3.3 
3.3 

/  Belts  chained  together 
\      Eight  men  loading 

10:09 

208 

14 

2912 

3.9 

/Connecting  chain  off,  10-h.p. 

10:11 

210 

14 

2940 

3.9 

1      motor  only 

10:15 
10:20 
10:35 

200 
200 
200 

14 
15 
16 

2800 
3000 
3200 

3.71 

4.0 

4.2, 

Gradual  increase  in  electrical  load 
due  to  decrease  in  shale  load 

Note:     Low  voltage  due  to  very  small  mains  and  long  distance  (2500  ft.). 


A    UNIQUE    BELT   CONYEVOR 
TABLE  2     SECOND  SERIES  OF  TESTS 


695 


TiMB 

(P.M.) 


Volts       Amperes       Watts 


H.P. 


Notes 


2:00 


194 


16 


3104 


2:15 

180 

16 

2886 

2:25 

182   1 

18 

1   3275 

2:35 

186   1 

18 

3348 

3:45 

195 

14 

2730 

3:50 


185 


19 


3515 


4.1 

3.8 
4.4 
4.4 
3.6 

4.7 


Empty.     Connected  to  lower  belt  by 
chain 

All   readings  at  motor  and  not  in- 
cluding line  loss 

Loaded  by  seven  men 

Loaded  as  before,  but  with  connect- 
ing chain  off.     10-h.p.  motor  only 


Notb:     Readings  taken  on  motor  at  upper  end  of  upper  belt-section. 

Initial  and  Operating  Costs 

10  Tables  are  given  herewith  upon  the  first  cost  of  the  equipment 
(Table  3)  and  the  cost  of  operation  and  maintenance  (Table  4), 
Table  4  is  based  upon  a  capacity  of  200  tons  conveyed  in  ten  hours. 
Inasmuch  as  the  capacity  is  directly  proportional  to  the  speed,  if  it 
was  desired  to  increase  the  capacity  of  the  conveyor,  it  would  only 
be  necessary  to  increase  the  travel  of  the  belt  per  minute,  and  from 
experience,  it  is  quite  possible  that  by  doubling  the  load  the  power 
required  to  operate  would  be  reduced  50  per  cent. 

11  The  operation  costs  given  in  Table  4  are  taken  from  actual 
practice.  Doubling  the  capacity  per  day  and  assuming  above  costs 
to  be  approximately  the  same  reduces  the  actual  cost  of  conveying 
to  $0.0038  per  ton.  Interest  and  depreciation,  $0.0063,  or  a  total 
of  $0.0101. 


TABLE   3 


COST   PER   FOOT   OF  COMPLETED    BELTS   INCLUDING   ELECTRICAL 
MOTORS,  TRESTLING,   ETC. 


Materials 


Total  Cost    Cost  per  Ft. 


Lumber S  496.34 


Belt 

Castings 

Electrical  equipment,  including  two  10-h.p.  motors. 

Miscellaneous:  nails,  bolts,  screws,  iron,  etc 

Labor 


5361.52 

1435.77 

637.11 

193.20 

962.20 


$9106.16 


$0,238 
2.58 
0.69 
0.316 
0.093 
0.46 


$4.37 


Note:     Length  of  first  section,  center  to  center,  998  ft.;  second  section,  1082  ft.;  total, 
2080  ft.;  takeup,  15  ft. 

Cost  of  castings  includes  machine  work,  etc. 
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12  Regarding  the  operation  of  the  belt:  after  the  stiffness  had 
disappeared  there  was  very  httle  shpping  at  the  head  or  drive  pulleys, 
and  there  was  sufficient  lubrication  in  the  shale  itself  to  form  a  water- 
proof covering  about  |-in.  thick  on  the  belt,  thereby  protecting  it  not 
only  from  wear  but  from  the  action  of  the  elements,  and  proving  a 
very  good  dressing  to  keep  the  belt  pliable.  Because  of  the  slow 
speed,  etc.,  there  are  very  few  repairs  necessary  to  the  belt,  and  in 
this  instance,  being  coated  as  described  above,  the  belt  should  last 
several  years. 


TABLE  4     COST  TO  OPERATE  AND  MAINTAIN  BELT  CONVEYOR 

PER  TON 


PER  10  HR. 
DAY 


Power 
10  h.p.  at  $0,004  per  h.i).-hr $0 .  40       $0 .  002 

Labor 

Boy  oiling,  etc $0 .  75 

Taking  up  slack  once  in  7  days,  2  men,  3  hr.  at 

$0.20perhr 0.171  0.92         0.004G 


Supplies 

Belt  Lacing 0 .  10 

Wa.ste,  Resifi,  etc 0.10  0.20         0.001 


Total  .$1.52       $0.0076 

Oil  (no  charge,  using  waste  oil  from  large  crushers) . 

Interest,  etc. 
Interest,  Depreciation,  Renewals,  10  per  cent  on 

investment  of  $9200 2.52         0.0126 


Grand  Total  $4.04       $0.0202 
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Coal  and  ashes  handling  machinery  for  power  plants,  and  places  where  machinery  has  been 
successfully  used. 

Chas.  C.  Moore  &  Company,  San  Francisco,  Cal.  A  Modem  Steam  Power. 
Central  Station. 

National  Machinery  Company,  Tifiin,  Ohio.     Catalogue  E. 

Bolt,  nut  and  rivet  machinery,  upsetting  and  forging  machines,  and  wire  nail  machines. 
Tables  showing  dimensions  of  manufacturers'  standard  bolts,  heads,  nuts. 

Nelson  Valve  Company,  Wyndmoor,  Philadelphia,  Pa.     Catalogue.     1909. 
Nilbs-Bement-Pond  Company,  New  York.    Bement  Hammers. 
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Northwestern  Expanded  Metal  Company,  930  Old  Colony  Bldy.,  Chicago,  III. 
Expanded  Metal  Information,  Concrete  and  Steel.     190S. 

Pratt  and  Whitney  Company,  Hartford,  Conn.     Gages  and  Standards. 

Randolph-Clowes  Company,  Waterbury,  Conn. 

Seamless  drawn  brass  and  copper  tubing,  tanks  and  shells,  brazed   tubes,    moldings,   sheet 
brass  and  brass  rods.  Brown  &  Bros,  seamless  drawn  copper  range  boilers. 

Scully  Steel  &  Iron  Co.,  Halstead  and  Fulton  Sts.,  Chicago,  III.,  March  1909. 
Stock  list  of  steel  and  iron  goods  with  dimensions  and  stock  prices. 

Termaat  &  MoNAHAN  Co.,  Oshkosh,  Wis. 

Catalogue,  showing  detail  construction  and  explanation  of  two,  three,  and  four-cylinder 
reversible,  T.  &  M.  marine  engines. 

Hubert  H.  Ward  and  A.ssociates,  Cleveland,  0. 

Seaton  spring  wheel,  suitable  for  automobiles,  trucks,  and  railway  cars;  full  description  of 
principle,  construction  and  advantages. 

Ward    Leon.^rd  Electric  Co.,   Bronxville,  N.  Y. 

Motor  Starters,  equipped  with  tightcasings  enclosing  all  current-carrying  parts,  for  auto- 
matically starting  motor,  and  accelerating  to  full  speed,  or  restoring  rheostat  lever  to  starting 
position  in  case  of  interruption  of  .current  supply, 

Westinghouse  Electric  and  Manufacturing  Company,  Pittsburg,  Pa.  Lumi- 
nous Radiators  and  Air  Heaters,  Folder  4120,  Feb.  1909.  Direct  Current 
Electric  Fans,  Folders  4100,  4101,  Jan.  1909.  Battery  Charging  Methods, 
Folder  4134,  March  1909.  Electric  Sad  Iron,  Folder  4098,  Feb.  1909. 
Multiple  Tungsten  Lamps  for  Alternating  or  Direct  Current  Circuits,  Circu- 
lar no.   IKiO. 
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The  Steam  Turbine.  A  Practical  and  Theoretical  Treatise  for  Engineers  and 
Designers,  including  a  discussion  of  the  gas  turbine.  By  James  Ambrose 
Moyer,  S.B.,  A.M.,  John.  Wiley  &  Sons.  New  York.  1908.  Cloth,  8vo. 
ix  +  370  p.,  225  figures.     Price,  $4  net. 

Professor  Moyer  has  had  an  extended  experience  in  experimental  work  incident 
to  the  manufacture  of  steam  turbines,  and  also  as  an  instructor  in  engineering. 
He  has  aimed  in  this  treatise  to  explain  some  of  the  more  important  problems  con- 
nected with  steam  turbines.  Two  chapters  of  unusual  interest  to  the  designing 
engineer  are  upon  nozzle  design  and  blade  design.  Nozzles  are  becoming  an  impor- 
tant element  in  all  types  of  turbines  and  many  conditions  affecting  their  efficiency 
are  now  well  established.  Illustrative  examples  are  worked  out  in  these  two 
chapters  and  to  supi^lement  the  calculations  upon  blade  design  in  which  allowance 
must  be  made  for  mechanical  losses,  a  discussion  of  these  losses  is  given,  with  an 
estimate  of  their  probable  magnitude.  The  chapter  upon  turbine  tests  is  meager, 
but  with  it  must  be  considered  twD  other  chajiters,  one  upon  turbine  economy, 
and  one  upon  methods  for  correcting  turbine  tests.  Under  turbine  economics 
are  discussed  the  influence  upon  economy  of  steam  pressure  vacuum,  superheated 
steam,  etc.,  together  with  operative  and  initial  costs,  plant  design  and  ojieration, 
etc.  A  chapter  relates  to  corrections  that  must  be  made  to  compensate  for  dif- 
ferent conditions  under  which  tests  are  made,  with  a  view  to  bringing  results  to  a 
standard  basis  for  comparison.  There  is  a  chapter  on  stresses  in  rotating  rings, 
drums  and  disks,  a  brief  discussion  on  gas  turbines,  and  by  way  of  introduction  a 
very  clear  treatment  of  the  elementary  theory  of  heat,  with  special  reference  to  the 
temperature-entropy  diagram  as  apphed  to  turbine  operations.  There  is  a  compre- 
hensive description  of  commercial  types,  including  low-pressure  turbines.  The 
marine  turbine  receives  but  a  brief  treatment  in  a  very  short  chapter. 

Contents  by  chapter  headings;  Introduction;  The  elementary  Theory  of  Heat;  Nozzle  Design; 
Steam  Turbine  Types  and  Blade  Design;  Mechanical  Losses  in  Turbines;  Method  for  Correcting 
Steam  Turbine  Tests;  Commercial  types  of  Turbines,  De  Laval,  Parsons,  Westinghouse,  AUis- 
Chalmers,  Curtis,  Rateau,  Wilkinson,  Zoelly,  Sturtevant,  Riedler-Stumpf,  Kerr,  Terry,  Dake, 
etc.;  Governing  Steam  Turbines;  Low  Pressure  (exhaust)  Turbines;  Marine  Turbines;  Steam 
Turbine  Economics;  Stresses  in  Rings,  Drums,  and  Disks,  Design  of  Turbine  Wheels,  Critical 
Speeds  of  Loaded  Shafts;  Gas  Turbines;  Electric  Generators  for  Turbines,  Direct-Current 
Generators,  Alternating-Current  Generators. 

A  Pocket  Book  of  Mechanical  Engineering.  Tables.  Data,  Formulae, 
Theory  and  Examples.  For  Engineers  and  Sudents.  By  Charles  M.  Sames, 
B.Sc.  Jersey  City,  N.  J.  1908.  Third  edition,  revised  and  enlarged. 
Pocket  size,  leather,  vii  -I-  195  p.     Price  $2. 

A  pocket-book  in  reality  as  well  as  in  name  is  this  little  reference  work  of  mechani- 
cal engineering,  now  in  its  third  edition.     The  table  of  contents  shows  its  scope. 


706  COMMENT   ON    CURRENT    BOOKS 

The  effort  has  been  to  cull  out  from  engineering  data  the  formulae,  tabular  matter 
and  other  information  usually  required  by  mechanical  engineers  and  students,  and 
having  for  an  aim  the  presentation  of  the  material  in  an  exceedingly  condensed 
form  without  duplication  of  data,  with  a  view  to  making  the  book  compact.  In 
the  third  edition  new  matter  has  been  added  upon  reinforced  concrete,  high- 
speed tool  steel,  superheated  steam  and  journal  friction.  It  is  printed  in  small 
type  on  thin  paper,  with  flexible  leather  covers,  after  the  usual  style  of  the  better 
class  of  pocket-books. 

Contents,  by  chapter  headings:  Mathematics,  Cliemical  Data;  Materials;  The  Strength  of 
Materials,  Structures,  and  Machine  Parts;  Energy  and  the  Transmission  of  Power;  Heat  and 
the  Steam  Engine;  Hydraulics  and  Hydraulic  Machinery;  Shop  Data;  Electroteclmics;  Appendix. 

Accurate  Tool  Work.  By  C.  L.  Goodrich  and  F.  S.  Stanley.  Hill  Publishing 
Company,  New  York.  1908.  Cloth,  6  by  9,  217  p.,  221  illustrations.  Price, 
$2  net. 

The  development  of  accurate  processes  in  the  manufacture  of  tools  and  machine 
parts  has  extended  to  nearly  every  branch  of  machine  manufacture  and  refine- 
ments in  methods  are  to  be  found  in  almost  all  tool  rooms.  Many  of  these  methods 
originated  in  watch  factories  and  similar  establishments,  but  they  have  been 
found  applicable  in  producing  work  of  different  character  and  heavier  proportions. 
This  book  treats  of  these  methods,  dealing  with  the  use  of  master  plate,  disc, 
button  and  test  indicator  processes,  the  use  of  the  microscope  in  connection  with 
micrometer  measurements  and  other  ingenious  processes,  and  methods  of  measuring 
tapers  and  angular  work.  Mr.  Goodrich,  department  foreman  with  the  Pratt  & 
Whitney  Co.,  Hartford,  Conn.,  has  had  long  experience  in  work  of  this  kind,  and 
Mr.  Stanley,  associate  editor  of  the  American  Machinist,  is  a  practical  tool  maker. 
Much  of  the  material  has  been  contributed  by  the  authors  or  by  others  to  the 
columns  of  the  American  Machinist.  The  book  is  handsomely  illustrated,  both  by 
diagrams  and  half-tone  engravings  from  photographs  of  actual  work.  It  places 
on  record  in  convenient  form  much  needed  information  upon  modern  shop  methods 
of  accomplishing  the  most  accurate  results  possible  in  machine  work. 

Contents  by  chapter  headings:  Locating  and  Boring  Holes  in  Drill  Jigs;  Locating  and  Bor- 
ing Oblique  Holes  in  Jigs;  Economical  Jig  Work  on  the  Milling  Machine;  Boring  Holes  on  the 
Miller  and  Checking  with  Verniers:  A  Precision  Drilling  and  Reaming  Machine;  Master  Plates 
and  How  They  are  Made;  Master  Plates  and  Their  Uses  in  Die  Making;  Master  Plates  Used  in 
Making  Watch  Tools;  Trigonometry  in  the  Tool  Room;  A  Tool  for  Laying  Out  Angles;  Measuring 
Dovetail  Slides,  Gibs  and  V's;  A  Gage  for  Producing  Accurate  Tapers;  The  Microscope  in  the 
Tool  Room;  The  Microscope  in  the  Manufacturing  Plant;  Making  a  Set  of  Accurate  Index  Dials; 
Inspecting  Tools  with  the  Test  Indicator;  A  Universal  Indicator  and  Some  of  Its  Applications; 
A  New  Swedish  Combination  Gaging  System;  Setting,  Laying  Out  and  Testing  Work  with  the 
Swedish  Gages. 

The  Economy  Factor  in  Steam-Power  Plants.  By  George  W.  Hawkins. 
Hill  Publishing  Compamj,  New  York.  1908.  Cloth,  6  by  9.  133  p.,  50 
figures.     Price  $3  net. 

The  author  has  presented  a  discussion  with  ample  data  upon  the  economical 
design  and  operation  of  steam  power  plants.  It  is  only  consideration  of  the 
economy  of  each  of  the  elements  of  a  plant  that  leads'to  a  high  plant  efficiency, 
and  the  author,  therefore,  properly  introduces  the  subject  by  a  chapter  on  individ- 
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ual  apparatus.  In  this  are  considered  the  economy  of  several  leading  types  of 
engines  and  of  turbines,  with  a  review  of  controlling  factors  in  condensing  appara- 
tus, feed  water  heaters,  economizers,  etc.  Diagrams  have  been  plotted  giving  the 
steam  economy  of  engines  of  different  types  and  sizes  when  operating  under 
different  loads.  Data  are  given  upon  steam  or  power  required  for  circulating 
pumps,  air  pumps,  feed  pumps,  etc.  A  comprehensive  chapter  treats  of  plant 
economy  as  a  whole,  with  many  diagrams  and  tables  and  calculations  carried 
through  for  different  arrangements  of  apparatus  and  plans  of  operation.  These 
relate  to  non-condensing,  surface  condensing  and  jet  condensing  plants,  with 
auxiliaries  direct-connected  and  belted;  and  with  auxiliaries  steam-driven  and 
motor-driven.  Conclusions  derived  by  the  author's  methods  will  prove  illuminat- 
ing and  valuable  to  those  who  have  to  predetermine  the  results  from  various  types 
of  power  plants  under  certain  conditions;  he  discusses  variable  loads  which  have 
so  important  a  bearing  on  the  economy  of  practically  all  power  plants.  There  are 
also  diagrams  and  tables  for  reducing  the  performance  of  a  boiler  to  the  standard 
basis  of  "from  and  at  212  deg."  taking  into  account  the  feed  water  temperature 
and  steam  pressure.  The  author  has  based  his  book  upon  the  use  of  fuel  oil  and 
has  supplied  conversion  charts  to  afford  ready  means  of  converting  the  heat  ele- 
ments of  oil  to  those  of  coal  or  wood. 

Contents  by  chapter  headings:  Introduction.  Part  I.  Individual  Apparatus;  Boilers; 
Engines;  Electrical  Generators;  Condensing  Apparatus;  Feed-Pumps;  Oil-Pumps;  Oil-Burners, 
Radiation,  Leakage;  Feed-Water  Heaters;  Fuel  Economizers.  Part  II.  The  Factor  of  Evapo- 
ration. Part  III.  Complete  Plant  Economy:  Introductory;  Non-Condensing  Plants;  Surface- 
Condensing  Plants;  Jet-Condensing  Plants;  Pumping  Plants;  Examples.  Part  IV.  Complete 
Plant  Economy:  Phases  of  the  Problem;  Method  of  Solution.     Conclusion. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  15th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who  are 
capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 

POSITIONS   AVAILABLE 

058  Construction  work — reinforced  concrete  bungalows  and  cottages — 
organization  in  need  of  an  engineer  having  had  varied  experience  in  reinforced 
concrete,  experienced  in  calculating  strains  and  stresses  and  proportioning  mem- 
bers for  load  and  weight;  plan  is  by  pilaster  or  palisade  with  thin  curtain  walls 
Location  Pennsylvania. 

059  Man  of  wide  experience  in  manufacture  of  automobiles,  as  general  fore- 
man.    Location  Rhode  Island. 

060  Well-equipped  machine  shop  with  equipment  to  run  about  twenty-five 
men ;  preseiit  owner  wishes  to  devote  time  to  certain  patents  and  desires  someone 
to  take  charge  of  present  shop;  will  finance  the  proposition  if  necessary  or  form 
small  stock  company  giving  the  proper  party  full  charge.     Location  Maryland. 

061  Shop  superintendent,  energetic,  good  systematizer  with  thorough 
experience  in  building  steam  engines  and  mediiun  explosion  engines,  also  pumps  or 
compressors,  if  possible.  Must  be  competent  to  determine  the  most  economical 
methods  of  machining  any  given  piece  and  be  familiar  with  the  whole  of  modern 
shop  practice. 

062  Wanted:  prominent  engineer  of  wide  experience  as  specialist  in  ice- 
making  machinery. 

063  Manager  of  an  iron  works  employing  50  to  75  men,  doing  general  foun- 
dry and  machine  work  as  is  usual  in  connection  with  mining,  smelting  and  concen- 
trating machinery.  Man  of  good  business  ability  and  training  as  well  as  having 
general  engineering  experience  essential.     Location  Montana. 

064  Superintendent  of  one  of  the  largest  machine-tool  concerns  in  the  United 
States  wants  young  man  who  can  grow  up  in  the  establishment,  and  finally  take 
superintendent's  position.  Preferably  not  over  thirty  years  old.  Must  have 
had  a  varied  and  practical  experience  on  engineering  matters  outside  of  the  ma- 
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chine-tool  lines.  Must  speak  English  and  some  German.  Should  have  University 
education,  executive  ability,  and  good  address.  If  you  are  the  man  I  am  look- 
ing for,  write  Superintendent,  Box  143,  American  Machinist. 

OGo  A\'anted — high  grade  foundry  superintendent  for  machine-molding  grey 
iron  foundry;  building  and  equipment  new  and  up-to-date.  Present  daily  ca- 
pacity, 35  tons.  A  splendid  opportvmity  for  an  advanced  practical  foundryman; 
exemplary  character,  good  habits  and  executive  ability  essential.  State  full  par- 
ticulars, present  salary,  and  references.  Address,  Superintendent,  Box  143, 
American  Machinist. 

066  Reliable  machinery  salesman  to  travel  in  Spanish-speaking  countries. 
Must  be  espeoially  competent.     Knowledge  of  Spanish  a  requisite. 

MEN  AVAILABLE 

239  Assistant  engineer  of  one  of  largest  automobile  plants.  Eight  years 
automobile  experience  in  France  and  the  United  States.  Commercial  wagon 
work  a  specialty.  Desires  position  as  chief  or  assistant  engineer  in  motor 
car  works,  preferably  on  business  vehicles. 

240  Member,  civil  and  mechanical  engineer,  twenty-five  years  experience  in 
general  engineering,  and  eighteen  years  as  specialist  in  dredging  machinery  and 
hydraulic  dredges.  Holds  all  world's  records  for  hydraulic  dredge  performance, 
including  best  records  on  new  Erie  Canal.  Will  take  entire  charge  of  such  depart- 
ment with  large  contracting  firm. 

241  Engineer,  thirty  years  old,  technical  graduate,  desires  position  as  works 
manager,  superintendent,  or  mechanical  engineer  with  a  moderate  sized  progres- 
sive concern.  Shop  and  drafting  work,  devising  and  installing  cost,  shop  and 
production  systems,  also  experienced  in  electrical  installations  for  industrial 
plants. 

242  Junior  member,  forceful,  wide-awake  manager,  of  proven  executive 
ability.  Experience  covers  railroad  shops,  both  locomotive  and  car,  designing  in 
drafting-room,  and  actual  operation  of  a  mainline  division,  selling  and  installing 
general  machinery  and  gas-power  plants,  also  allied  railroad  supplies.  M.  I.  T. 
graduate ;  worked-up  from  shop  apprentice,  has  successfully  installed  piece-work, 
bonus  and  cost  systems,  and  is  familiar  with  methods  of  bettering  production. 
Can  plan  and  carry  out  a  business  campaign.     Unusual  talent  for  organizing. 

243  Member,  of  thorough  mechanical  and  business  training,  good  executive 
and  organizer;  at  present  employed  as  manager.  Patentee  many  devices. 
Wishes  to  make  a  change. 

244  Member,  teacher  in  technical  college,  eight  years  experience  in  steel- 
mill,  rolling-mill  and  bridge-shop  designing,  desires  employment  in  the  above  or 
similar  lines  for  three  to  four  months,  beginning  about  June  1,  1909. 

ri2]f245     Position  as  dean  or  director  of  a  college  of  mechanical  and  electrical 
engineering,  or  head  of  a  department  in  a  large  engineering  school,  by  well-known 
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engineer  actively  engaged  in  mechanical  engineering  for  ten  years;  present  posi- 
tion dean  of  the  college  of  mechanical  and  electrical  engineering  in  one  of  our  well- 
known  universities,  for  the  past  eight  years.  Can  furnish  the  best  of  references, 
including  the  administration  and  officers  of  this  university.  Only  responsible 
position  with  bright  future  can  be  considered.  Record  is  open  to  inspection  by 
institution  having  the  right  kind  of  position  to  offer. 

246  Position  desired,  by  a  member  who  has  had  a  wide  and  varied  experience 
in  manufacturing  and  engineering,  now  qualifying  under  State  Board  of  Law 
Examiners;  wishes  to  engage  in  law  office  or  with  corporation  requiring  a  legal  and 
mechanical  expert. 

247  Junior,  technical  graduate,  at  present  located  in  Middle  West,  desires 
position  with  engineering  or  manufacturing  concern  in  New  York  City  or  Connec- 
ticut. Experienced  in  machine  design  and  manufacture;  position  as  assistant 
superintendent  or  chief  draftsman  preferred. 

248  Engineer  and  superintendent,  fifteen  years  experience  in  machine  shop, 
engineering  construction  and  design.  Familiar  with  both  Taylor  and  ordinary 
systems  of  management.  At  present  in  charge  under  a  modification  of  the  Taylor 
system.  Competent  and  tactful,  experienced  in  the  installation  of  premium 
system  and  shop-betterment  work. 

249  Junior,  desires  position  with  engineering  concern;  seven  years  experience 
in  engineering,  has  had  charge  of  drafting  room  and  erection.  Familiar  with 
modern  office  methods  and  books.  Understands  buying  machmery,  etc.  At 
present  assistant  manager  and  assistant  treasurer  of  an  engineering  concern. 
Prefers  to  locate  in  the  vicinity  of  New  York, 

250  Member,  long  experience  in  pumping  machinery,  air  compressors,  Corliss 
engines,  condensing  apparatus;  desires  position  as  chief  engineer  or  chief  drafts- 
man in  neighborhood  of  New  York  City. 

251  Stevens  graduate  wishes  to  become  connected  with  department  of  experi- 
mental engineering.     Broad  practical  experience. 

252  Associate,  age  32,  experienced  as  inspecting  mechanical  and  electrical 
engineer,  desires  similar  position. 

253  Mechanical  graduate,  general  mechanical,  electrical  and  construction 
experience,  knowledge  of  engineering  materials  and  contract  practice,  wishes 
position  as  assistant  or  executive  in  charge  contract  business. 


CHANGES   IN   MEMBERSHIP 

CHANGES  OP  ADDRESS 

ADAMS,  Edward  M.  (1902),  Ch.  Engr.,  Quaker  Oats  Co.,  and /or  mail,  83  Char- 
lotte St.,  Akron,  O. 

BACON,  John  Lord  (Junior,  1899),  Engr.  and  Supt.  of  Constr.,  R.  P.  Shields  & 
Son,  605  Scripps  Bldg.,  and  for  mail,  3435  D  St.,  San  Diego,  Cal. 

BAEHR,  WiUiam  Alfred  (1903),  1943  Commercial  Natl.  Bank  Bldg.,  Chicago, 

m. 

BAILEY,  Ervin  G.  (Junior,  1903),  Mech.  Engr.,  Fuel  Testing  Co.,  220  Devonshire 

St.,  Boston,  and  1057  Walnut  St.,  Newton  Highlands,  Mass. 
BECHTEL,  John  Adams  (Associate,  1900),  WiUiamsburg  P.  O.,  Va. 
BIGELOW,  Myron  J.  (1904),  Mech.  Engr.,  Molyneux  MaUing  Mchs.  Co.,  253 

Ellicott  St.,  and /or  inail,  357  Delaware  Ave.,  Buffalo,  N.  Y. 
BLOOMBERG,  Jonas  H.  (1903),  Cons.  Engr.,  Avenida  Del  Cinco  De  Mayo  No. 

32,  and /or  mail,  Primera  de  Orizaba  No.  11,  Mexico  City,  D.  F.,  Mexico. 
BROWN,  J.  Linwood  (1902),  M.  E.,  R.  F.  D.  No.  1,  Conneaut,  Ashtabula  Co.,  O. 
CARLE,  Nathaniel  A.  (1907),  Box  32,  Auraria,  Ga. 
CRANE,  Edward  S.  (Associate,  1901),  3203  W.  14th  St.,  Cleveland,  O. 
DAVIS,  Chester  B.  (1890),  3353  6th  Ave.,  Troy,  N.  Y. 
FISHER,  Henry  Donald  (Junior,  1907),  Supervising  Engr.,  U.  S.  Glass  Co., 

Factory  K,  18th  and  Merriman  Ave.,  South  Side,  Pittsburg,  Pa. 
FOSTER,  Ernest  Howard  (1885;  1894),  Mech.  Engr.,  V.  P.,  Power  Specialty  Co., 

Ill  Broadway,  New  York,  N.  Y. 
FRANKS,  Fredk.  Benjamin  (1904),  129  North  West  St.,  AUentown,  Pa. 
GOBEILLE,  Jos.  Leon  (1886),  Gobeille-Harris  Pattern  Co.,  Niagara  Falls,  N.  Y. 
GREEN,  Samuel  M.  (1890),  Cons.  Engr.,  Hitchcock  Bldg.,  318  Main  St.,  and  325 

Long  Hill  St.,  Springfield,  Mass. 
GREENE,  Harris  Ray  (Associate,  1907),  Sales  Engr.,  Alberger  Condenser  Co., 

95  Liberty  St.,  New  York,  N.  Y.,  and  J.406  Chapel  St.,  New  Haven,  Conn. 
GREENE,  Isaac  Chase  (1882;  1886),  Life  Member,  29  W.  39th  St.,  New  York, 

N.  Y. 
GUELBAUM,  David  (1894;  1905),  M.  E.,  P.  O.  Box  293,  Syracuse,  N.  Y. 
HADDOCK,  Edwin  Jos.  (1906),  Mech.  Engr.,  Schultz  Bldg.,  Columbus,  O. 
HALL,  Robert  E.  (1898;  1905),  Asst.  to  V.  P.,  Francis  Bros.  &  Jellett,  Inc.,  and 

for  mxiil,  7802  Lincoln  Drive,  St.  Martins,  Philadelphia,  Pa. 
HARLAN,  Orla  K.  (Junior,  1904),  Dept.  of  Engrg.  and  Constr.,  Culebra,  Canal 

Zone,  Panama. 
HELVEY,  Geo.  Stanley  (Junior,  1904),  303  N.  2d  St.,  HamUton,  O. 
HODGE,  Geo.  O.  (Junior,  1904),  The  Bristol  Engrg.  Corp.,  Bristol,  Conn. 
HUTCHISON,  Arthur  H.  (1899),     The  C.  W.  Keltening  MercantUe  Co.,  1617 

Magee  St.,  Denver,  Colo. 
JONES,  Edward  H.  (1889),  Clearwater,  Fla. 
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KEITH,  Thomas  M.  (Junior,  1905),  Cli.  Engr.,  Link  Chain  Belt  Co.,  52  Dey  St.. 

New  York,  and /or  7nail,  241  Chnton  PL,  Brooklyn,  N.  Y. 
KENT,  Robert  Thurston  (Junior,  1905),  Managing  Editor,  Industrial  Engineer- 
ing, Empire  Bldg.,  Pittsburg,  Pa. 
KLAHR,  Charles  Dean  (Junior,  1905),  Clarion,  Pa. 

KOON,  Sidney  Graves  (Junior,  1905),  The  Hartford,  Atwood  St.,  Pittsburg,  Pa. 
LARDNER,  Henry  A.  (1901),  Mgr.,  J.  G.  White  &  Co.  Inc.,  Alaska-Commercial 

Bldg.,  San  Francisco,  Cal. 
LEMOINE,  L.  R.  (Associate,  1887),  Genl.  Mgr.,  N.  J.  Zinc  Co.,  55  Wall  St.,  and 

161  Madison  Ave.,  New  York,  N.  Y.,  and  323  S.  18th  St.,  Philadelphia,  Pa. 
MATTON,  Fred  V.  (1892),  Mech.  Engr.,  Camden  Iron  Wks.,  Camden,  N.  J. 
MERKT,  Gustav  A.  (Associate,  1908),  Designing  Engr.,  Am.  Steel  and  Wire  Co., 

and /or  mail,  8  Blair  St.,  Worcester,  Mass. 
MILLER,  Frank  Louis  (Associate,  1907),  304  Everhart  St.,  Johnstown,  Pa. 
MILLER,  Fred  J.  (1890),  Engineers'  Club,  32  W.  40th  St.,  New  York,  N.  Y. 
MURRAY,  Arthur  F.  (Junior,  1908),  Geo.'  F.  Blake  Mfg.  Co.,  East  Cambridge, 

Mass. 
ORD,  Henry  C.  (1905),  Genl.  Elec.  Co.,  and /or  viail,  174  S.  Common  St.,  Lynn, 

Mass. 
PITKIN,  Joseph  Lovell  (Associate,  1903),  Southern  Rep.,  A.  Klipstein  &  Co., 

1622  Candler  Bldg.,  Atlanta,  Ga. 
PRESSINGER,  W.  P.  (Associate,  1903),  W.  P.  Pressinger  Co.,  1  W.  34th  St., 

New  York,  N.  Y. 
RATTLE,  Paul  S.  (Junior,  1908),  Sales  Engr.,  The  B.  M.  Osbun  Co.,  832  Com- 
mercial Natl.  Bank  Bldg.,  Chicago,  111. 
RIDDLE,  Howard  Sterling  (1905),  Wks.  Mgr.,  Jeffrey  Mfg.  Co.,  Cote  and  Lagan- 

chiterre  Sts.,  Montreal,  Canada. 
ROGERS,  Robert  W.  (Junior,  1908),  Pioneer  Pub.  Co.,  1  Madison  Ave.,  New 

York,  N.  Y. 
SCHNUCK,  Edward  F.  (1897;  1901),    Production  Engr.,  Director  Jabez  Burns 

&  Sons,  600  W.  43d  St.,  New  York,  N.  Y. 
SERGEANT,  Chas.  H.  (1895),  611  W.  138th  St.,  New  York,  N.  Y. 
STANTON,  Frank  McMillan  (1892),  Life  Member,  Room  409,  225  Fifth  Ave.. 

New  York,  N.  Y. 
STEVENS,  Robt.  H.  (Junior,  1903),  N.  Y.  Rep.,  Bethlehem  Fdy.  and  Mch.  Co.. 

149  Broadway,  New  York,  and /or  mail,  780  E.  14th  St.,  Flatbush,  Brooklyn, 

N.  Y. 
STEVENS,  Wm.  N.  (Junior,  1886),  V.  P.,  Conveying  Mchy.  Co.,  120  Liberty  St., 

New  York,  N.  Y. 
STOTT,  Henry  G.   (1902),  Mgr.   1907-1910;  Supt.  M.  P.,  Interborough  Rapid 

Transit  Co.,  600  W.  59th  St.,  New  York,  and  Rochelle  Heights,  New  Rochelle, 

N.  Y. 
WARRINGTON,  James  N.  (1884;  1885),  617  S.  Grand  Ave.,  Los  Angeles,  Cal. 
WRAITH,  William  (1903),  Supt.,  Washoe  Smelter,  P.  O.  Box  93,  and  619  Main 

St.,    Anaconda,  Mont. 
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NEW  MEMBERS 

JOHNSON,  Louis  L.  (1908),  The  Westinghouse  Mch.  Co.,  Room  1412,  N.  Y.  Life 

Bldg.,  Chicago,  111. 
MACLAREN,  James  G.  (Associate,  1908),  Engr.,  Lamson  Cons.  Store  Service 

Co.,  Boston,  and /or  ttiail,  109  Walter  St.,  Roslindale,  Mass. 
SALTZAL\N,  Auguste  L.   (1908),  Mech.  Engr.  and  Supt.,  Cornwall,  Plock  & 

Saltzman,  New  York,  N.  Y.,  and /or  mail,  157  Central  Ave.,  East  Orange, 

N.  J. 

DE.\THS 
HILDRETH,  Charles  L.  RAND,  Jasper  R. 


GAS   POWER   SECTION 

CHANGES  OF  ADDRESS 

BAEHR,  William  Alfred  (1908),  1943  Commercial  Natl.  Bank Bldg.,  Chicago,  111, 
GREENE,  Harris  Ray  (1908),  Sales  Engr.,  Alberger  Condenser  Co.,  95  Liberty 

St.,  New  York,  N.  Y.,  and  1406  Chapel  St.,  New  Haven,  Conn. 
LOZIER,  Robert  T.  (AffiUate,  1908),  Engineers'  Club,  32  W.  40th  St.,  New  York, 

N.  Y. 
SERGEANT,  Chas.  H.  (1908),  611  W.  138th  St.,  New  York,  N.  Y. 

NEW  MEMBERS 

BANKS,  Alfred  C.  (1909),  Ch.  Eng.  of  Gas  Engines,  Edgar  Thomson  Wks.,  Car- 
negie Steel  Co.,   Braddock,    and  for  mail,  331  West  St.,  Wilkinsburg  Sta., 

Pittsburg,  Pa. 
FISCHER,  Wm.  Francis  (Affihate,  1909),  Engrg.  Dept.,  N.  Y.  Edison  Co.,  55 

Duane  St.,  New  York,  N.  Y. 
HAYES,  Frank  A.  (Affiliate,  1909),  409  Hartley  Hall,  Columbia  Univ.,  New  York, 

N.  Y. 
JACOB,  Fred,  Jr.  (Affiliate,  1909),  Estimating  Engr.,  The  Fairbanks  Co.,  Broome 

and  Lafayette  Sts.,  New  York,  N.  Y.,  and /or  mail,  110  Ridgewood  Ave., 

Newark,  N.  J. 
McNEIL,  Merritt  Chas.  (Affiliate,  1909),  Sales,  R.  D.  Wood  &  Co.,  and /or  mail, 

4834  Walton  Ave.,  Philadelphia,  Pa. 
MYERS,  Theodore  B.  (Affiliate,  1909),  Gas  Eng.  Salesman,  Otto  Gas  Eng.  Wks., 

138  Liberty  St.,  New  York,  N.  Y. 
PRIDE,  George  H.  (Affiliate,  1908),  277  Broadway,  New  York,  N.  Y. 
RALSTON,  Louis  C.  (Affiliate  ,1909),  2613  Channing  Way,  Berkeley,  Cal. 
SEAGER,  Schuyler  F.  (Affihate,  1909).  Secy,  and  Treas.,  Olds  Gas  Power  Co., 

Lansing,  Mich. 
SUTER,  John  (Affiliate,  1909),  care  of  F.  P.  Thorp,  Internatl.  Steam  Pump  Co., 

115  Broadway,  New  York,  N.  Y. 
WILE,  Julius  I.  (1909),  Sales  Mgr.,  Producer  Dept.,  Gas  Mchy.  Co.,  56  Pine  St., 

New  York,  N.  Y. 
WOLFE,  Henry  Geo.  (Affiliate,  1909),  Draftsman,  N.  Y.  Edison  Co.,  55  Duane 

St.,  New  York,  and /or  mail,  65  Berkeley  PI.,  Brooklyn,  N.  Y. 


COMING  MEETINGS 

Secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers  are 
invited  to  send  in  their  notices  for  publication  in  this  department.  Such  notices  must  be 
in  the  editor's  hands  by  the  15th  of  the  month  preceding  the  meeting. 

AERONAUTIC  SOCIETY 

May  12,  etc.,  evenings,  weekly  meetings.  Automobile  Club  of  America,  W. 

54th  St.,  New  York.     Secy.,  Wilbur  R.  Kimball. 
AIR  BRAKE  ASSOCIATION 

May  11-14,  Annual  Convention,  Richmond,  Va.     Secy.,  F.  M.  Nellis,  53  State 

St.,  Boston,  Mass. 
AMERICAN  ASSOCIATION  OF  DEMURRAGE  OFFICERS 

May  11,  Southern  Hotel,  St.  Louis,  Mo.,  10  a.m. 
AMERICAN  ASSOCIATION  OF  ELECTRIC  MOTOR  MANUFACTURERS 

May  17-20,  annual  meeting.  Hot  Springs,  Va. 
AiMERICAN  CHEMICAL  SOCIETY 

May  14,  New  York  section.     Paper:  Soluble  and  Fusible  Condensation  Prod- 
ucts of  Formaldehyde  and  Phenols,  Dr.  Baekeland.  Secy.,    C.   M.   Joyce, 

Box  23,  Arlington,  N.  J. 
AMERICAN  ELECTROCHEMICAL  SOCIETY 

May  5-8,  annual  meeting,  Niagara  Falls,  Ont.     Secy.,  Dr.  J.  W.  Richards, 

Lehigh  University,  So.  Bethlehem,  Pa. 
AMERICAN  FOUNDRYMEN'S  ASSOCIATION 

May  18-20,  Hotel  Sinton,  Cincinnati,  O.     Secy.,  Richard  Moldenke,  Watch- 

ung,  N.  J. 
AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 

June  24-25,  semi-annual  meeting,  Brooklyn,  N.  Y.     Secy.,  J.  C.  Olsen, 

Polytechnic  Institute. 
AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 

May  18,  monthly  meeting,  33  W.  39th  St.,  New  York,  8  p.m.   Paper :  Patents, 

F.  P.  Fish.      June  28,  annual  Convention,  Frontenac,  N.  Y.      Secy.,  R,  W. 

Pope,95  Liberty  St.  N.Y. 
AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 

May  21,  monthly  meeting,  Toronto  section.     Secy,  'pro  tern,  W.  H.  Eisen- 

heis,  1207  Traders'  Bank  Bldg. 
AMERICAN  RAILWAY  ASSOCIATION 

May  19,  annual  meeting.  New  York.     Secy.,  W.  F.  Allen,  24  Park  PI. 
MIERICAN  RAILWAY  MASTER  MECHANICS'  ASSOCIATION 

June  16-18,  Annual  Convention,  Atlantic  City,  N.  J.      Secy.,  Jos.  W.  Taylor, 

390  Old  Colony  Bldg.,  Chicago,  111. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

May  19,  June  2,  semi-monthly  meetings,  220  W.  57th  St.,  New  York.     Secy., 

C.  W.  Hunt. 
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AMERICAN  SOCIETY  OF  HUNGARIAN  ENGINEERS  AND  ARCHITECTS 

June  5,  29  W.  39th  St.,  New  York,  8.30  p.m.     Secy.,  Zoltan  deNemeth,  103 

E.  16th  St. 
AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

May  4-7,  Spring  Meeting,  Washington,  D.  C.     Secy.,  C.  W.  Rice,  29  W.  o9tb 

St.,  New  York. 
AMERICAN  SOCIETY  OF  SWEDISH  ENGINEERS 

May  1,  May  15,  semi-monthly  meetings,  Brooklyn,  N.  Y.     Papers:  May  1, 

The    Austin    Rotary    Engine,   Wm.   K.   Austin;    May    15,    Steam    and    its 

Behavior  in  Turbines,  Ernst  J.  Berg.     Secy.,  E.  Hammerstrom,  271  Hicks  St. 
AMERICAN  WATER  WORKS  ASSOCIATION 

June  8-12,  annual  Convention,  Milwaukee,  Wis.     Secy.,  J.  M.  Diven,   14 

George  St.,  Charleston,  S.  C. 
ARKANSAS  ASSOCIATION  OF  PUBLIC  UTILITY  OPERATORS 

May  12-14,  Hot  Springs.     Secy.,  J.  E.  Cowles,  Little  Rock. 
ASSOCIATION  OF  CAR  LIGHTING  ENGINEERS 

June  7,  semi-annual  meeting,  New  York.     Secy.,  G.  B.  Colgrove,  I.  C.  R.  R. 

Chicago,  111. 
ASSOCIATION  OF  RAILWAY  CLUB  SECRETARIES 

June  19,  annual  meeting,  Atlantic  City,  N.  J. 
ASSOCIATION  OF  RAILWAY  TELEGRAPH  SUPERINTENDENTS 

June  23-25,  Detroit,  Mich.     Secy.,  P.  W.  Drew,  Room  511,  Harvester  Bldg.. 

Chicago,  111. 
BLUE  ROOM  ENGINEERING  SOCIETY 

June  3,  monthly  meeting,  29  W.  39th  St.,  New  York,  8  p.m.     Secy.,  W.  D. 

Sprague. 
BOSTON  SOCIETY  OF  CIVIL  ENGINEERS 

May  19,  monthly  meeting,  Tremont  Temple.     Secy.,  S.  E.  Tinkham,  60  City 

HaU. 
BROOKLYN  ENGINEERS'  CLUB 

May    6,    117    Remsen    St.     Paper:  The    Oxy- Acetylene    Welding    Process. 

Henry  R.  Cobleigh.     Secy.,  Joseph  Strachan. 
CANADIAN  ELECTRICAL  ASSOCIATION 

June  16-18,  annual  Convention,  Quebec.     Secy.,  T.  S.  Young,  Confederati(jn 

Life  Bldg.,  Toronto. 
CANADIAN  GAS  ASSOCIATION 

June  25,  annual  meeting,  Toronto,  Out.     Secy.  A.  W.  Moore,    Woodstock. 
CANADIAN   SOCIETY  OF  CIVIL    ENGINEERS,  Toronto  Branch,  May  27, 

regular  meeting,  96  King  St.,  W.     Secy.,  T.  C.  Irving,  Jr. 

CAR  FOREMEN'S  ASSOCIATION  OF  CHICAGO 

May  10,  monthly   meeting.  Masonic  Temple.     Secy.,  Aaron  Kline.  326  N. 

50th  St. 
CENTRAL  RAILWAY  AND  ENGINEERING  CLUB  OF  CANADA 

May  18,  monthly  meeting,  Rossin  House,  Toronto,  Ont.     Secy.,  C.  L.  Worth, 

Room  409,  Union  Sta. 
CENTRAL  RAILWAY  CLUB 

May  14,  monthly  meeting.  Hotel  Iroquois,  Buffalo,  N.  Y.,  8  p.m.     Secy.,H.  D. 

Vought,  95  Liberty  St.,  New  York. 
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CHICAGO  ELECTRIC  CLUB 

May  12,  etc.,  weekly  meetings,  noon,  Cliicago  Automobile  Club.    Secy.,  W.  S. 

Taussig,  204  Dearborn  St. 
CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND 

May  11,  June  8,  monthly  meetings,  714-719  Caxton  Bldg.,  Secy.,  J.  C.  Beard- 
ley. 
CIVIL  ENGINEERS'  CLUB  OF  ST.  PAUL 

May  10,  June  7,  monthly  meetings.     Secy  ,  G.  E.  Edmonstone. 
CLEVELAND  ENGINEERING  SOCIETY 

May  11,  monthly  meeting,  Caxton  Bldg.     Secy.,  Joe  C.  Beardsley. 
COLORADO  SCIENTIFIC  SOCIETY 

June  5,  monthly  meeting,  Denver.     Secy.,  Dr.  W.  A.  Johnston,  801  Symes 

Bldg. 
DENVER  SOCIETY  OF  CIVIL  ENGINEERS 

May  11,  June  8,  monthly  meetings,  36  Jacobson  Bldg.     Secy.,  Walter  Pearl. 
EASTERN  RAILROAD  ASSOCIATION 

May  13,  annual  meeting.     Secy.,  John  J.  Harrower,  614  F  St.  N.  W.,  Wash- 
ington, D.  C. 
ENGINEERING  ASSOCIATION  OF  THE  SOUTH 

May  18,  monthly  meeting.     Secy.,  H.  M.   Jones,  2   Berry  Blk.,   Nashville. 

Tenn . 
ENGINEERING  SOCIETY  OF  THE  STATE  UNIVERSITY  OF  IOWA 

June  1,  monthly  meeting,  Iowa  City.     Secy.,  Dean  Wm.  G.  Raymond. 
ENGINEERS  AND  ARCHITECTS'  CLUB  OF  LOUISVILLE,  KY . 

May  17,  monthly  meeting,  303  Norton  Bldg.     Secy.,  Pierce  Butler. 
ENGINEERS'  CLUB  OF  BALTIMORE 

June  5,  annual  meeting.     Secy.,  R.  K.  Compton,  City  Hall. 
ENGINEERS'  CLUB  OF  CENTRAL  PENNSYLVANIA 

June  1,  annual  meeting,  Gilbert  Bldg.,  Harrisburg.     Secy.,  E.  R.  Dasher. 
ENGINEERS'  CLUB  OF  CHICAGO 

May   18,  June   1,   semi-monthly  meetings,   Jefferson  Hall,   70  Adams    St. 

Secy.,  D.  W.  Thurtell,  1223  New  York  Life  Bldg. 
ENGINEERS'  CLUB  OF  CINCINNATI 

May  20,  monthly  meeting,  25  E.  8th  St.     Secy.,  E.  A.  Cast,  P.  O.  Box  333. 
ENGINEERS'  CLUB  OF  MINNEAPOLIS 

May  17,  monthly  meeting.  City  Hall. 
ENGINEERS'  CLUB  OF  PHILADELPHIA 

May  15,  June  5,  semi-monthly  meetings,  1122  Girard  St.     Secy.,  W.  L.  Webb. 
ENGINEERS'  CLUB  OF  ST.  LOUIS 

May   19,   June  2,   semi-monthly  meetings,   3817  OHve  St.     Secy.,    R.   H. 

Fernald. 
ENGINEERS'  CLUB  OF  TORONTO 

May  13,  etc.,  weekly  meetings,  96  King  St.,  W.     Secy.,  R.  B.  Woolsey. 
ENGINEERS'  SOCIETY  OF  MILWAUKEE 

May  12,  monthly  meeting,  456  Broadway.     Secy.,  W.  Fay  Martin. 
ENGINEERS'  SOCIETY  OF  WESTERN  PENNSYLVANIA 

May  18,  regular  meeting;  May  20,  Chemical  section ;  May  25,  Structural  sec- 
tion; June   1,  Mechanical  section;  803  Fulton  Bldg.,  Pittsburgh.     Secy., 

Edmund  Yardley. 
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EXPLORERS'  CLUB 

June  4,  29  W.  39th  St.,  New  York,  8.30  p.m.     Secy.,  H.  C.  Walsh. 
FREIGHT  CLAIM  ASSOCIATION 

June  16,  annual  meeting,  Old  Point  Comfort,  Va.     Secy.,  W.  P.  Taylor, 

Richmond,  Va. 
FOUNDRY  AND  MANUFACTURERS'  SUPPLY  ASSOCIATION 

May  17-22,  annual  meeting  and  exhibit,  Cincinnati,  O.     Secy.,  C.  E.  Hoyt, 

Lewis  Institute,  Chicago,  111. 
GENERAL  MANAGER'S  ASSOCIATION  OF  CHICAGO 

May  20,  monthly  meeting.     Secy.,  H.  Deeming. 
GENERAL  SUPERINTENDENTS'  ASSOCIATION  OF  CHICAGO 

May  19,  Chicago.     Secy.,  H.  D.  Judson,  C.  B.  &  Q.  R.  R. 
ILLUMINATING  ENGINEERING  SOCIETY 

May  13,  monthly  meeting.  New  York  section,  29  W.  39th  St.,  8  p.m.     Secy., 

P.  S.  Millar. 
INTERNATIONAL  RAILWAY  FUEL  ASSOCIATION 

June  21-23,  annual  meeting,  Auditorium  Hotel,  Chicago,  111.     Secy.,  D.  B. 

Sebastian,  327  La  Salle  St.  Sta.,  Chicago. 
INTERNATIONAL  RAILWAY  GENERAL  FOREMEN'S  ASSOCIATION 

June  1-5,  annual  meeting,  Chicago,  111.     Secy.,  E.  C.  Cook,  Royal  Insurance 

Bldg. 
IOWA  DISTRICT  GAS  ASSOCIATION 

June  23-25,   annual  meeting,   Waterloo,   la.     Secy.,   G.   I.   Vincent,   Des 

Moines. 
IOWA  RAILWAY  CLUB 

May  14,  monthly  meeting,  Des  Moines.     Secy.,  W.  B.  Harrison,  Union  Sta. 

LOUISIANA  ENGINEERING  SOCIETY 

May  10,  monthly  meeting,  323  Hibernia  Bldg.,  New  Orleans.  Secy.,  L.  C. 
Datz. 

MASSACHUSETTS  STREET  RAILWAY  ASSOCIATION 

May  13,  June  9,  monthly  meetings,  Boston.  Secy.,  Chas.  S.  Clark,  70  Kilby 
St. 

MASTER  CAR  BUILDERS'  ASSOCIATION 

June  21-23,  annual  Convention,  Atlantic  City,  N.  J.  Secy.,  Jos.  W.  Taylor, 
390  Old  Colony  Bldg.,  Chicago,  111. 

MASTER  MECHANICS  ASSOCIATION 
June  Convention,  Atlantic  City,  N.  J. 

MODERN  SCIENCE  CLUB 

May  4,  weekly  meeting,  125  S.EUiott  PI.,  Brooklyn,  N.  Y.  Paper:  Autoge- 
nous Welding  with  Oxy-Acetylen,  E.  Bournvonville.  May  8,  Papers: 
House-Heating  Boilers,  May  22,  Papers:  Turbine  Governors.  May  25,  Papers: 
Elevator  Accidents  and  their  Prevention,  F.  E.  Town.  Secy.,  Jas.  A. 
Donnelly. 

MUNICIPAL  ENGINEERS  OF  THE  CITY  OF  NEW  YORK 
May  26,  29  W.  39th  St.,  8.15  p.m.     Secy.,  C.  D.  Pollock. 

NATIONAL  ASSOCIATION  OF  AUTOMOBILE  MANUFACTURERS 

June  2,  monthly  meeting,  New  York.     Secy.,  C.  C.  Hildebrand,  7  E.  42d  St. 
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NATIONAL  ASSOCIATION  OF  MANUFACTURERS 

May  17-19,  Convention,  Waldorf-Astoria,  Now  York.  Secy.,  Geo.  S.  Boudi- 
not,  170  Broadway. 

NATIONAL  ELECTRIC  LIGHT  ASSOCIATION 

June  1-4,  Atlantic  City,  N.  J.  Secy.,  John  F.  Gilchrist,  29  W.  39th  St., 
New  York. 

NATIONAL  FIRE  PROTECTION  ASSOCIATION 

May  25-27,  annual  meeting,  32  Nassau  St.,  New  York.  Papers:  Recent 
efforts  to  create  the  office  of  State  Fire  Marshal,  Clarence  Maris;  Con- 
crete Building  Construction,  Leonard  C.  Wason,  The  New  York  High- 
Pressure  System.  Alfred  G.  Patton,  Secy.,  W.  H.  Merrill,  382  Ohio  St., 
Chicago,  111. 

NATIONAL  GAS  AND  GASOLENE  ENGINE  TRADES  ASSOCIATION 

June  22-24,  Oliver  Hotel,  South  Bend,  Ind.  Secy.,  A.  Stritmatter,  Cincinnati, 
Ohio. 

NATURAL  GAS  ASSOCIATION  OF  AMERICA 

May  18-21,  Annual  Convention,  Goodale  St.  Auditorium,  Columbus,  O. 
Secy.,  L.  S.  Bigelow,  265  Broadway,  New  York. 

NEW  ENGLAND  RAILROAD  CLUB 

May  11,  monthly  meeting,  Copley  Square  Hotel,  Boston,  Mass.,  8  p.m. 
Secy.,  Geo.  H.  Frazier,  10  Olive  St. 

NEW  ENGLAND  STREET  RAILWAY  CLUB 

May  27,  monthly  meeting,  American  House,  Boston,  Mass.  Secy.,  John  J. 
Lane,  12  Pearl  St. 

NEW  YORK  RAILROAD  CLUB 

May  21,  monthly  meeting,  29  W.  39th  St.,  8.15  p.m.  Secy.,  H.  D.  Vought, 
95  Liberty  St. 

NEW  YORK  SOCIETY  OF  ACCOUNTANTS  AND  BOOKKEEPERS 

May  11,  etc.,  weekly  meetings,  29  W.  39th  St.,  8  p.m.  •  Secy.,  T.  L.  Wool- 
house. 

NEW  YORK  TELEPHONE  SOCIETY 

May  18,  monthly  meeting,  29  W.  39th  St.,  8  p.m.      Secy.  T.  H.  Laurence. 

NORTHERN  RAILWAY  CLUB 

May  22,  monthly  meeting.  Commercial  Club  Rooms,  Duluth,  Minn.  Secy., 
C.  L.  Kennedy. 

NORTHWEST  RAILWAY  CLUB 

May  11,  monthly  meeting,  St.  Paul,  Minn.  Secy.,  T.  W.  Flannagan,  care 
Soo  Line. 

NOVA  SCOTIA  SOCIETY  OF  ENGINEERS 

May  13,  monthly  meeting,  Halifax.     Secy.,  S.  Fenn. 

OHIO    SOCIETY    OF  MECHANICAL,  ELECTRICAL  AND    STEAM  ENGI- 
NEERS 

May  21,  22,  spring  meeting,  Canton.  Secy.,  David  Gaehr,  Schofield  Bldg., 
Cleveland. 

OPTOMETRICAL  SOCIETY  OF  THE  CITY  OF  NEW  YORK 

May  12,  June  9,  monthly  meetings,  29  W.  39th  St.,  8  p.m.  Secy.,  J.  H.  Drake- 
ford. 

PACIFIC  COAST^RAILWAY  CLUB 

May  15,  monthly  meeting,  San  Francisco,  Cal.  Secy.,  E.  C.  Borton,  West 
Oakland,  Cal. 
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PROVIDENCE  ASSOCIATION  OF  MECHANICAL  ENGINEERS 

May  25,  monthly  meeting,  Technical  High  School  Hall,  8  p.m.      June  22, 

annual  meeting.     Secy.,  T.  M.  Phetteplace. 
PURDUE  MECHANICAL  ENGINEERING  SOCIETY 

May  12,  etc.,  fortnightly  meetings,  Purdue  University,  Lafayette,  Intl.,  Q.'.iO 

p.m.     Secy.,  L.  B.  Miller. 
RAILWAY  CLUB  OF  KANSAS  CITY 

May  21,  904  Delaware  St.     Secy.,  Claude  Manlove. 
RAILWAY  CLUB  OF  PITTSBURGH 

May  28,  monthly  meeting,  Monongahela  House,  8  p.m.     Secy.,  J.  D.  Con- 
way, Genl.  Office,  P.  &  L.  E.  R.  R. 
RAILWAY  SIGNAL  ASSOCIATION 

June  8,  29  W.  39th  St.,  New  York,  10  a.m.     Secy.,  C.  C.  Rosenberg,  712 

North  Linden  St.,  Bethlehem,  Pa. 
RAILWAY  STOREKEEPERS'  ASSOCIATION 

May  17-19,  annual  meeting,  Chicago,  111.     Secy.,  J.  P.  Murphy,  L.  S.  & 

M.  S.  Ry.,  Collingwood,  O. 
RENSSELAER  SOCIETY  OF  ENGINEERS 

May  21,  etc.,  fortnightly  meetings,  257  Broadway,  Troy,  N.  Y.     Secy.,  R.  S. 

Furber. 
ROCHESTER  ENGINEERING  SOCIETY 

May  14,  monthly  meeting.     Secy.,  John  F.  Skinner,  54  City  Hall. 
ROCKY  MOUNTAIN  RAILWAY  CLUB 

May  15,  monthly  meeting.     Secy.,  J.  E.  Buell,  Denver,  Colo. 
ST.  LOUIS  RAILWAY  CLUB 

May  14,  monthly  meeting,  Southern  Hotel,  8  p.m.     Secy.,  B.  W.  Frauenthal, 

Union  Sta. 
SCRANTON  ENGINEERS'  CLUB 

May  20,  monthly  meeting.  Board  of  Trade  Bldg.      Secy.,  A.  B.   Dunning. 
SHORT  LINE  RAILROAD  ASSOCIATION 

June  7,  New  York.     Secy.,  John  N.  Drake,  60  Wall  St. 
SOUTHWESTERN  ELECTRICAL  AND  GAS  ASSOCIATION 

May,  Annual  Convention,  Dallas,  Texas. 
TECHNICAL  SOCIETY  OF  BROOKLYN 

May  15,  June  4,  semi-monthly  meetings.     Ai-ion  Hall,  Arion  PL,  8.30  p.m. 

Pres.,  M.  C.  Budell,  20  Nassau  St.,  New  York. 
TECHNOLOGY  CLUB  OF  SYRACUSE 

May  12,  monthly  meeting,  502  Bastable  Blk.,  8  p.m.     Secy.,  Robert  L.  Ahen, 
TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST 

June  4,  San  Francisco,  Cal.     Secy.,  Otto  von  Geldern,  1978  Broadway. 
TRAIN  DESPATCHERS'  ASSOCIATION  OF   AMERICA 

June  15,  annual  Convention,  Columbus,  O.     Secy.,  J.  F.  Mackie,   La  Salle 

St.  Sta.,  Chicago,  111. 
WESTERN  RAILWAY  CLUB 

May  18,  monthly  meeting.  Auditorium  Hotel,  Chicago,  111.,  8  p.m.     Secy., 

Joseph  W.  Taylor,  390  Old  Colony  Bldg. 
WESTERN  SOCIETY  OF  ENGINEERS 

May  19,  etc.,  fortnightly  meetings.  May  12,  Electrical  section,    Chicago,  111. 

Secy.,  J.  H.  Warder,  1737  Monadnock  Blk. 
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WIRELESS  INSTITUTE 

June  2,  29  W.  39th  St.,  New  York.     Secy.,  S.  L.  Williams. 
WISCONSIN  GAS  ASSOCIATION 

May  12,  13,  annual  Couveiitiun,  Milwaukee.     Secy.,  Hemy  H.  Hyde,  Racine. 


MEETINGS  TO  BE  HELD  IN  ENGINEERING  SOCIETIES'  BUILDING 

Date  Society 

May 

11  N.  Y.  Society  Accountants  and  Bkprs. . . 

12  Optometrical  Society  of  the  City  of  N.  Y 

13  Illuminating  Engineering  Society 

18     N.  Y.  Society  Accountants  and  Bkprs.  .  . 
18     New  York  Telephone  Society 

18  American  Institute  Electrical  Engineers 

19  American  Railway  Association 

21     New  York  Railroad  Club. . .' 

25  N.  Y.  Society  Accountants  and  Bkprs. . .  . 
2(i  Municipal  Engineers  of  City  of  New  York 
June 

1  N.  Y.  Society  Accountants  and  Bkprs.  .  .  . 

2  Wireless  Institute 

3  Blue  Room  Engineering  Society 

4  Explorers'  Club 

5  Amer.  Soc.  Hungarian  Engrs.  and  Archts. 
8  N.  Y.  Society  Accountants  and  Bkprs. . .  . 

8  Railway  Signal  Association 

9  Optometrical  Society  of  City  of  N.  Y 


Secretary 

Timt 

T.  L.Woolhouse.  . 

.      8:00 

J.H.  Drakeford... 

..    8:00 

P.  S.Millar 

8:00 

T.  L.  Woolhouse.. 

. ..    8:00 

T.  H.  Laurence..  . 

.  .      8:00 

R.  W.   Pope 

.      8:00 

W.F.Allen  

.  .  All  day 

.H.  D.  Vought.... 

.  .     8:15 

T.  L.Woolhouse.  . 

8:00 

C.  D.  Pollock 

.  .      8:15 

.T.  L.Woolhouse..  .  .  8:00 

.S.L.Williams 7:30 

.W.  D.Sprague 8:00 

.H.C.Walsh 8:30 

.Z.deNemeth 8:30 

.T.  L.Woolhouse.  ..  .  8:00 

.  C.  C.  Rosenberg. .  1 :00  a.  m. 

J.H.  Drakeford 8:00 


OFFICERS  AND  COUNCIL 

PRESIDENT 
Jessb  M.  Smith New  York 

VICE-PRESIDENTS 

L.  P.  Breckenridge   Urbana,  111. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthur  West E.  Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1909 

Geo.  M.  Bond Hartford,  Conn. 

R.  C.  Cabpenter Ithaca,  N.  Y. 

F.  M.  Whyte New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 
Members  of  the  Council  for  1909 

Ambrose  Swasey Cleveland,  O. 

John  R.  Freeman Providence,  R.  I. 

Frederick  W.  Taylor Philadelphia,  Pa. 

F.  R.  Hutton     New  York 

M.  L.  Holman St.  Louis,  Mo. 

MANAGERS 

G.  M.  Basford    New  York 

A.  J.  Caldwell Newburg,  N.  Y. 

A.  L.  RiKER   Bridgeport,  Conn. 

Terms  expire  at  Annual  Meeting  of  1909 

Wm.  L.  Abbott Chicago,  111. 

Alex.  C.  Humphreys    New  York 

Henry  G.  Stott New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt Pawtucket,  R.  I. 

I.  E.  MouLTROP Boston,  Mass. 

W.  J.  Sando Milwaukee,  Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur  M.  Waitt New  York 

HONORARY  SECRETARY 
F.  R.  Hutton New  York 

SECRETARY 
Calvin  W.  Rice 29  W.  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Jesse  M.  Smith,  Chairman 
Alex.  C.  Humphreys 


F.  R.  HUTTON 

Fred  J.  Miller 


Frederic  M.  Whyte 


STANDING  COMMITTEES 

FINANCE 


Arthur  M.  Waitt  (1),  Chairman 
Edward  F.  Schnuck  (2) 

Waldo  H.  Marshall  (5) 


Geo.  J.  Roberts  (3) 
Robert  M.  Dixon  (4) 


MEETINGS 

Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  DE  B.  Parsons  (5) 


L.  R.   POMEROY  (3) 

Charles  E.  Lucke  (4) 


PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I.  RocKwooD  (6) 


H.  F.  J.  Porter  (3) 
H.  W.  Spangler  (4) 


MEMBERSHIP 

Henry  D.  Hibbard  (1),  Chairman 
Charles  R.  Richards  (2) 

HosEA  Webster  (5) 


Francis  H.  Stillman  (3) 
George  J.  Foran  (4) 


LIBRARY 

John  W.  Lieb,  Jr.  (4),  Chairman 
H.  H.  Supleb  (1) 

Chas.  L.  Clarke  (5) 


Ambrose  Swasby  (2) 
Leonard  Waldo  (3) 


HOUSE 

Henry  S.  Loud  (1),  Chairman  Bernard  Victor  Swenson  (3) 

William  Carter  Dickerman  (2)  Francis  Blossom  (4) 

Edward  Van  Winkle  (5) 


Jas.  Christie  (1) 
R.  C.  Carpenter  (2) 


RESEARCH 


W.  F.  M.  Goss  (5) 


R.  H.  Rice  (3) 
Chas.  B.  Dudley  (4) 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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SPECIAL  COMMITTEES 
1909 


On  a  Standard  Tonnage  Basil  for  Refrigeration 


D.  S.  Jacobus 
A.  P,  Trautwein 

E.  F.  Miller 

On  Society  History 

John  E.  Sweet 

Charles  Wallace  Hunt 

On  Constituiion  and  By-Laws 

Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 


Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 


g.  t.  voorhees 
Philip  De  C.  Ball 


H.  H.  SUPLEB 


F.  R.  Hutton 
D.  S.  Jacobus 


L.    D.    BCTRUNGAME 
M.   L.   HOLMAN 


Calvin  W.  Rice 


On  International  Standard  for  Pipe  Threads 


E.  M.  Herr,  Chairman 
William  J.  Baldwin 


On  Thurston  Memorial 


Alex.  C.  Humphreys,  Chairman 
R.  C.  Carpenter 

Fred  J.  Miller 


Geo.  M.  Bond 
Stani^y  G.  Flagg,  Jr. 


Charles  Wallace  Hunt 
J.  W.  Lieb,  Jr. 


Geo.  W.  Melville 


Hugo  Bilgram 
C.  R.  Gabriel 


On  Hudson-Fulton  Celebration 

Jesse  M.  Smith 
On  Standards  for  Involute  Gears 

Chas.  W.  McCord 


M.  L.  Holman 


Gaetano  Lanza 
Wilfred  Lewis 
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SOCIETY  REPRESENTATIVES 
1909 

On  John  Fritz  Medal 

Henry  R.  Towne  (1)  F.  R.  Hutton  (3) 

Ambrose  Swasey  (2)  Charles  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 

Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Joint  Library  Committee 
The  CHAraMAN  of  the  Library  Committee  op  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.    Freeman  Ira    H.  Woolson 

On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 

On  Government  Advisory  Board  on  Fuels  and  Structural  Materials 

Geo.  H.  Barrus  P.  W.  Gates 

W.  F.  M.  Goss 

On  Advisory  Board  National  Conservation  Commission 

Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  yeMrs  that  the  member  has  yet 
to  serve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 

1909 

CHAIRMAN 
F.  R.  Low 

SECRETARY 
Geo.  a.  Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 
F.  H.  Stillman,  Chairman  G.  I.  Rockwood 

F.  R,  HUTTON  H.  H.  SuPIiEB 

R.  H.  Fernald 

GAS  POWER  MEMBERSHIP  COMMITTEE 
Robert  T.  Lozier,  Chairman  D.  B.  Rushmore 

Albert  A.  Gary  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whytb 

F.  S.  Kino  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Gecil  p.  Poole,  Chairman  E.  S.  McGlelland 

R.  T.  Kent  C.  W.  Obert 

G.  T.  Wilkinson 

GAS  POWER  LITERATURE  COMMITTEE 

G.  H.  Benjamin,  Chairman  L.  N.  Ludy 
H.  R.  GoBLEiGH  L.  S.  Marks 
G.  D.  Gonlee  T.  M.  Pecetteplace 
R.  S.  deMitkiewicz  G.  J.  Rathbun 
H.  T.  Eddy  W.  Rautenstrauch 
L.  V.  Goebbels  S.  a.  Reeve 

A.  J.  Wood 

GAS  POWER  INSTALLATIONS  COMMITTEE 
J.  R.  Bibbins,  Chairman  A.  Bement 

L.  B,  Lent 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  MouLTROP,  Chairman  J.  L.  Lyon 

W.  H.  Blauvelt  D.  T.  McLeod 

V.  Z.  Garacristi  V.  E.  McMullen 

E.  P.  GoLEMAN  G.  H.  Parker 

G.  J.  Davidson  J.  P.  Sparrow 

W.  T.  Donnelly  A.  B,  Steen 

H.  J.  K.  Freyn  F.  W.  Walker 

N.  T.  Harrington   '  G.  W.  Whiting 

J.  B,  Klumpp  Paul  Winsor 

G.  L.  Knight  T.  H.  Yawger 

GAS  POWER  STANDARDIZATION  COMMITTEE 
Dr.  G.  E.  Lucke,  Chairman  E.  T.  Adams 

Arthur  West  J.  D.  Andrews 

J.  R.  Bibbins  H.  F.  Smith 

'  Lewis  Doeung 
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ADVERTISING      SUPPLEMENT 


SECTION 


Machine  Shop  Equipment 


Machine   Shop   Equipment       .....  Section  1 

Power  Plant   Equipment  .  -  -  -  .  Section  2 

Hoisting  and  Conveying  Machinery.     Power  Transmission      -  Section  3 

Engineering   Miscellany  -  '-  -  -  -  Section  4 


THE   WARNER  &    SWASEY    COMPANY 


NEW  YORK 


CLEVELAND 


CHICAGO 


No.  8  TURRET  SCREW  MACHINE 

npURRET  LATHES — many   sizes — many    styles. 
^   For  a  specific  class  of  work  there  is  a  machine 
especially   adapted.     The   catalogue    describes    these 
machines  fully.     It  will  be  sent  on  request. 


WILL  GRIND  FROM  12   TO   20  TIMES  FASTER 
THAN     ANY     OTHER     SURFACE     GRINDER 

U/>e  P.  (SL  W. 
Vertical  Sur- 
face Grinder 

Cup  shaped  wheel  covers  full  width 

of  work,  ensuring  perfect  flatness  and 

rapid  production. 

Ten  automatic  vertical  feeds  from 
.0002  to  .0020  through  ratchet  wheel. 

Furnished  with  either  revolving  table 
for  discs,  rings,  collars,  etc.,  up  to 
16  inches,  or  with  magnetic  chuck. 

'='■-  Belt  or  Motor  DriVe 

PRATT      (Si     WHITNEY     CO. 

HARTFORD,  CONN. 


Extracts  from  the  Book  of  the 
Hartness  Flat  Turret  Lathe 


Copies  of  the  book  sent  on  request 


Springfield,  Vt. 
U.  S.  A. 


Jones  &  Lamson 


Ceripany,    T'oUand,   Belgium,   Switzerland,    Austria-Hungary, 
M.   Kovemann,    Charlottenstrasse     112   Duaseldorf.    Germany. 


Machine  Company 


Queen  Victoria  St. 
London,  England 


France  and  Spain.  Ph.  Bonvillain  and  E.  Ronceray.  9  and  11 
Rue  des  Envierges,  Paris.     Italy,  Adler    &  Eisenschitz,  Milan. 


I 


General  Electric  Company 

Electric  Drive 

insures  maximum  production 


Hamilton  22  in.  Latlie  driven  by  3  H.  P.  General  Electric  Motor 

Each  Machine  Operates  Independently 
Every  Machine  has  its  own  Motor 

An  accident  to  one  machine  concerns  that 
machine  alone.  Any  machine  can  be  stopped 
for  repair  independent  of  the  rest  of  the  factory 

The  total  absence  of  belting  and  line  shafting 
greatly  assists  in  the  lighting  of  the  factory  as  well 
as  in  the  convenience  and  speed  of  handling  work 


Principal  Office,  Schenectady,  N.  Y. 

New  York  Office,  30  Church  St. 

Sales  office  in  all  large  cities 


1864 


ERRINGTON  OPENING  DIE 

Cuts  Parallel   THread  to  Slioxilder 


41  CortlandtSt. 
New  York 


Can  be  used  on 
DRILL  PRESS, 
SPERD  LATHE, 
ENGINE  LATHE, 
TURRET  LATHE. 


Skeleton  Frame  Sheds  Chips 

Std.        Pipe 

No.  1  Threads  to §'    —      f ' 

No.  2 Threads  to 1"    —      j' 

No.  3  Threads  to IJ'   —     1  " 

No.  4  Threads  to 2  '    —     U" 


Opens  Automatically, 


closes  by 
foot 
while 
rotating. 


WE    BUILD    A   COMPLETE    LINE   OF    NEW  AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 

Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


N' 


ATIONAL  MACHINERY 

TIFFIN.OHIO.U.S.A 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.   N.  Y, 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works   at  Rock    Falls,   III. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,    Electric  Cranes 
and  Engineering  Specialties 


SINGER  BUILDING 


NEW  YORK 


HERE  IS  THE 

STORY  OF 


Trade 


vC 


Mark 


REGISTERED 


Beware  of 
Imitations 


NICHOLS  TAP  AND 

REAMER  WRENCH 

Never  Loosens  its    Grip, 

as  the  Handle  does  not 

Rotate.       Years  on 

the  Market,  and 

Superior   To 

All  Others 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,  R.   I.,    U.  S.  A, 


Improved  Adjustable  Jaw=Bases 


This  new  cut,  here  first  published,  shows  oor  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chocks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired^ 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS  AND  PRICES   UPON  INQUIRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S. A. 


Morse  Twist  Drill  &  Machine  Co. 

NEW  BEDFORD,  MASS.,  U.  S.  A.  j 

Makers  of  Drills,  Reamers,  Cutters,  Chucks,  Taps,  Dies,  Arbors, 
Counterbores,  Countersinks,  Gauges,  Machines,  Mandrels,  Mills, 
Screw   Plates,    Sleeves,   Sockets,    Taper  Pins   and   Wrenches. 


The  Standard  Tool  Cos 

TWIST  DRILLS 


Either  Carbon  or  High  Speed.  AH  sizes  and  kinds.  Methods  of  construction 
mechanically  correct.  Note  the  excellent  clearance.  Only  one  of  many  points  of 
superiority. 

CLEVELAND,  O.,  U.S.A.  and  94  Reade  St.,  New  York 


NEWARK 


GEAR  CUTTING  MACHINE  CO. 

66  UNION  ST.,  NEWARK,  N.  J.,  U.  S.  A. 

AUTOMATIC  GEAR    CUTTING    MACHINES 

GEARS  AND  GEAR  CUTTING 

HENRY  E.   EBERHARDT, 

President^ 

HENRY  J.   EBERHARDT,  T  FRANK  E.   EBERHARDT 

Secretary  Treasurer 

"American  Swiss" 

Files 

Warranted  at  least  equal  to  the  best  Swiss  Files 

Samples  on  application  to 
E.  P.  REICHHELM&  CO.,  24  John  St.,  New  York 

Principal   Owneri   and   Selling   ^^ gents  of  the    American    Swiss  File  and  Tool    Co. 


Worcester  Drawing  Stands 

are  recommended  by  users 
as  mechanically  perfect 

Adjustable  to  any  angle  and  height. 

Shelf  with  drawer  always  remains  level 

Made  in 

THE   WASHBURN   SHOPS 

of  the 

Worcester  Polytechnic  Institute 

WORCESTER,  MASS. 


y^T^ 


The  New  Process  of 
CASE-HARDENING   BY   GAS 

marks  an  important  advance  in  the  use  of  low  Carbon  Steel 
Write  for  Descriptive  Catalogue  to 

AMERICAN  GAS  FURNACE  CO. 


24  JOHN  STREET 


NEW  YORK  CITY 


''Star"   Lathes 

9  in.  and  11  in.  Swing  4  ft.,  5  ft.,  6  ft.  and  7  ft.  Beds 

DOES  QUALITY  COUNT? 

We  have  put  a  ''Quality"  of  material,  workmanship,  efficiency  and 
accuracy  into  the  Star  Lathes  that  has  not  been  approached  by  any 
tool  of  the  class.  It  is  a  precision  lathe  at  the  price  of  the  ordinary 
good-as-the-average  machine — a  lathe  that  can  be  depended  upon  to 
turn  out  the  finest  grade  of  work  within  its  range — an  accurate,  dur- 
able up-to-date  machine,  compact  in  form,  fitted  with  every  con- 
venience and  adapted  to  handle  successfully  much  of  the  work  usually 
put  on  larger  lathes. 

Ask  for  Catalog  "B"  and  get  acquainted  with  the  "Star." 

rhe  SENECA   FALLS  MFG.  CO. 


268  WATER  STREET 


SENECA  FALLS,  N.  Y.,  U.  S.  A 

(128-A) 


ADVERTISING     SUPPLEMENT 


SECTION  2 


Power  Plant  Equipment 


Machine   Shop  Equipment       -----  Section    1 

Power  Plant   Equipment  -----  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmissioi   -  Section  3 

Engineering  Miscellany  -----  Section  4 


iSCQMSM  E^IGIHB 


CORLISS,  WIS.,  U.  S.  A. 

U.  S.  Gov't.,  Navy  Dept. — 1000  Mile  Comparative  Steaming  Test. 

U.  S.  S.  Birmingham  (Reciprocating  Engines)  30  tons  coal  per  hour. 
Chester  (Parsons  Turbines)         -         40        "  " 

*'        Salem  (Curtis  Turbines)  -     49        "  " 

The  Turbines  took  33^%  and  63^%  more  fuel  than  the  engines. 

The  Navy  Dept.  is  operating  five  Wisconsin  Engines. 


MASON 

REDUCING  VA.LVES 


reduce  and  maintain  an^'even  pressure  of 
steam,  air  or  water,  regardless  of  changes 
in  the  Initial  pressure.  Can  be  set  for 
any  pressure  by  turning  a  key  and  do  not 
tiave  to'be  locked — the  engineer  retains  the 
key.    They  are  absolutely  ^accurate. 


Tf?E  MASON  REGULATOR  CO. 

BOSTON,  MASS.,  U.  S.A  . 


ROTHCHILD  Positively  Needs 

ROTARY=QATE   <^ 
VALVE 


Immune  to 

the  evils  ofj 

Expansion 


OPENS 

AND  CLOSES 

EASILY 


"  NO" 


DJUSTMENT 
REPLACING  OF  PARTS 
REPAIRS  OF  ANY  KIND 


Automatically 
Seats 

and  takes  up 

Its  own  wear 


WILL  NOT 

LEAK  OR 

STICK 


HAS  NO  EQUAL  for  BOILER  BLOW-OFF 

HYDRAULIC  and  ALL  HARD  SERVICE 

JOHN  SIMMONS  CO.,  mo  centre  St.,  NEW  YORK,  N.  Y. 


The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  50  to  6000  Horses 

Catalogs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 


WARREN    VERTICAL   AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets 

All  valve  cages  removable 

Th«  most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO.. 


New  York 
60  Church  Street 


Boston 
lO   P.  O.  Square 
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Fuel  economy  is  one  advantage  gained  when 
reliable  valves  are  used.  Water  is  also  saved,  costly 
shut-downs  for  repairs  are  avoided,  and  the  working 
value  of  the  boilers  is  more  fully  realized,  because 
reliable  valves  not  only  give  the  flow  required  when 
open,  but,  by  the  absence  of  leaks,  save  steam 
when  closed 

When  repairing  lines  an  indirect  economy  is 
secured  because  the  tight'valve  keeps  the  line  free 
from  steam  and  heat,  allowing  ease,  comfort  and 
freedom  from  danger  of  scalding  the  repairman. 


We  will  be  glad  to  send  to  you  our  new 
1909,  224-page  Valve  Catalogue,  treating  of  the 
most  modern  types  of  Gate,  Globe,  Angle  and 
Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure, 
for  any  temperature. 


Nelson  Valve   Company 

PHILADELPHIA 

NEW  YORK     Hudson  Terminal  Bldg.  DETROIT  Penobscot  Building 

CHICAGO  425  S.  Dearborn  Street  MINNEAPOLIS    622  Andrus  Building 

PITTSBURGH  525  Third  Avenue  SAN  FRANCISCO  Atlas  Building 

CLEVELAND       Perry-Payne  Building  BUTTE,  MONT.  56  E.  Broadway 
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NO    HEAT    WASTED 


The  ROBB-MUMFORD  BOILER  is  internally  fired  and  no  heat  is  wasted 
by  radiation  as  in  an  externally  fired  boiler. 

The  furnace  is  long  and  of  large  diameter,  with  greatest  height  at  the  back, 
giving  good  combustion. 

The  boiler  has  a  sheet  steel  case,  lined  with  asbestos,  and  there  is  no  expensive 
brick  setting  to  keep  in  repair. 

ROBB-MUMFORD    BOILER    CO., 

NEW  YORK  OFFICE,  go  West  St.  SALES  DEPARTMENT,  131  State  St.,  Boston,  Mass. 

WORKS,  South  Framingham,  Mass. 

Built  in  Canada  by  ROBB  ENGINEERING  CO.,  Ltd.,  Amherst,  N.  S. 


You  forget  to  shift  brushes  after  you  buy  a  Ridgway 
Unit.  But  no  harm  results  for  brush-shifting  is  not 
necessary  on  a  Ridgway  Unit.  Sparkless  commutation- 
perfect  regulation — unequalled  economy — these  good 
qualities  you  find  in  a  Ridgway  Generating  Unit— and 
more.     Particulars?     Ask. 

Ridgway    Dynamo   &  Engine  Co. 

Ridgway,  Penna. 
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MURRAY    WATER    TUBE    BOILER 

BEST  IN  DESIGN,  WORKMANSHIP  AND  MATERIAL 


Incorporated  Feb.  1,  1870 


MURRAY  IRON  WORKS  CO. 

BURLINGTON,  IOWA 


Nash  Gas  Engines 

and  Producers 

are  simple,  economical  and   reliable,  and  have  demonstrated  their 
superiority  in  service. 

Simple,  because  they  are  capable  of  running  at  their 
rated  load  for  ten  consecutive  hours  on  one  charge  of  fuel. 

Economical,  because  they  will  develop  a  B.H.  P.  hour 
on  one  pound  of  coal. 

Reliable,  because  they're  Nash. 

We  have  reduced  the  operating  expense 
of  others.     We  can  save  money  for  you. 

WE  MANUFACTURE  A  COMPLETE  LINE  OF  WATER  METERS  h"  TO  60' 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 
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The  Erwood  Swing  Gate  Valve 

as  a  Safety  Non=Return  on 
Condenser  and  Heater  Connec= 
tions. 

The  Valve  is  KEPT  CLOSED  at  all  times  by 
means  of  a  spring  of  light  tension,  the 
Swing  Gate  opening  at  each  impulse  of  the 
engine;  but  SHOULD  THE  VACUUM  BE 
LOST,  OR  THE  CONDENSER  OR 
THE  HEATER  BECOME  FLOODED, 
THE  WATER  CANNOT  BACK  UP 
THROUGH  THE  ERWOOD  VALVE 
INTO  THE  CYLINDER. 

Flooded  Condensers  or  Flooded  Heaters 
are  no  longer  a  menace  if  the 
Erwood  Valve  be  used. 

WALCH  &  WYETH, 

87   Lake  St.  Chicago 


A.  S.  M.  E.  BADGES 

Secure  your  badges  before  or  during  the  Wash- 
ington Convention.  In  writing,  state  whether  you 
wish  Junior  or  Member  badge.  Authorized  prices 
for   both  Junior  and  Member  are  as  follows: 


Stick  pin 
Vest  pin     - 
Watch  ciiarm 


$3.25 
3.25 
4.75 


ADDRESS 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 
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Albany    Steam    Traps 

are  the  result  of  thirty-five  years  spe- 
cializing in  the  production 
of  Steam  Traps 

Owners  and  Engineers  of  Steam  Plants  arc 

requested  to  write  us  for  data 

concerning  the 

SPECIAL  BUCKET  RETURN  TRAP 

ALBANY  STEAM  TRAP  CO.,  Albany,  N.  Y. 

Established  1870.        JAMES  H.  BLESSING,  Pres.  THOS.  F.  RYAN,  Sec.  and  Treas. 


FOR  THE  HIGHER  THAN  ORDINARY  PRESSURES 

GATE   VALVES 

With  double  disc,  taper  seats,   central  ball  bearing  de- 
vice are  the  tightest  by  reason  of  their  flexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  Y.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville,  Ky.,  Boston. 


LINDSTROM'S  CORLISS   VALVE  STEAM  TRAP 


None 
Better 


f  Simplicity 
I    Durability 
For  ^    Reliability 
j    Economy  and 
L  Emergency 

Write  for  Booklets 


JOHN  T.  LINDSTROM 

214  South  Third  Street 
ALLENTOWN,  PA. 


"THE  CONTROLLING 
ALTITIDE    VALVE" 

maintains  a  uniform  stage  of 

water  in  standpipes,  reservoirs 

or  tanks. 

"WORKS  BOTH  WAYS" 

No  overflow  in  case  of  fire  preS'- 
sure.  Valves  closed  by  water 
and  electricity. 

Valves  up  to  20" 

Golden  -  Anderson  Valve 
Specialty  Company 

1032  Fulton  BIdg.,       Pittsburg,  Pa. 


AUTOMATIC  FLOAT  VALVES 
"SIMPLY   HAVE  NO   EQUAL" 


Angle  or 
Straight  Way 
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HEINE   ^ft^B^E^   BOILERS 

and 

SUPERHEATERS 

In   units  of  from  50  to   600   H.  P. 

Heine  Safety  Boiler  Co.,  St    Louis,    Mo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


With  the  Angle  Compound  Engine  one 
cyhnder  nicely  fills  in  the  intervals  between 
the  impulses  of  the  other  cylinder,  the  result 
being  an  almost  absolutely  uniform  turning 
moment  that,  in  connection  with  the  perfect 
balance  of  reciprocating  parts,  does  not  set 
up  vibrations,  even  when  the  engine  is 
mounted  upon  an  upper  floor  of  a  building. 
The  American  Ball  Angle  Compound  En- 
gine is  worthy  the  study  of  every  man  inter- 
ested in  the  operation  of  steam  engines. 

Write  for  Bulletin  14 

AMERICAN  ENGINE  CO., 


42  Raritan  Avenue 

Bound  Brook,  N. 


St.  Louis  Iron  &  Machine  Works 

Manufacturers  of  the 

"ST.  LOUIS  CORLISS"  ENGINE 


and 


HEAVY  MACHINERY 

Chouteau  Ave.,      Main  and  2d  Sts.,       St.  Louis,  Mo. 


[RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE      (CLASS  F) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  seivice       Built  in  twelve 
types,  seventy-two  ditterent  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  on  City,  Pennsylvania 
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^*  DETROIT" 
Improved  Standard   LUBRICATORS 

Insure  perfect  operation 

THE  GENUINE  "DETROIT" 

Is  simple  and  dependable.     (Look  out  for  substitutes). 

Leading  engineers  the  world  over  specify  the  "Detroit"  to  the  exclusion 

of  all  other  makes.     Write  for  Book  "A15."     It   contains 

information  of  value  to  all  mechanical  engineers 

Detroit  Lubricator  (ompany 

DETROIT,   U.   S.  A. 


DETROIT 
AUTOMATIC  STOKER 

The  special  arch  construction 
with  supply  of  air  under  con- 
trol produces  higherefficiency 
and  best  results 

Send  for  catalogue 


Rear  View 


DETROIT  STOKER  &  FOUNDRY  CO.,   DETROIT,  MICH. 

Valve  troubles  are  obviated 
in  Du  Bois  Gas  and 
Gasoline  Engines  (5  to 
375  H.  P.).  The  valves  are 
solid  steel  forgings,  carried  in 
independent  cages  in  valve 
chest,  and  can  be  quickly 
taken  out,  examined  and  re- 
placed. The  valve  seat  is 
also  withdrawn  at  the  same 
time. 

Catalog  "P,".^free  on  request,  describes  other  points  of  excellencies. 

DU  BOIS  IRON  WORKS,      816  Brady  St.,      Du  Bois,  Pa. 


The  Hooven»  Owens 
Rentschler  Co. 

Manufacturers  of 

Hamilton  Corliss 

Engines 

Hamilton  High  Speed 

.Corliss  Engines 

Hamilton  Holzwarth 

Steam  Turbines 

Special  Heavy 

Castings 

HAMILTON,  OHIO 
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You  can  forget  every  joint  that's  made  with  a 
Goetze  Elastic  Copper  Gasket,  because  these 
gaskets  make  a  joint  permanently  tight  against 
any  steam  pressure  or  temperature.  They  are 
guaranteed  to  do  it,  and  the  proof  that  they  do  is 
ready.     Ask  for  Circular  No.  2. 

American  Goetze-Gasket  &  Packing 

Company 

530  E.  149th  St.,      New  York  City 


Cold  Can't  Alter  Dixon's  Flake  Graphite 

And  there  is  no  other  general  lubricant,  except  graphite, 
that  can  resist  the  action  of  cold.  You  can  easily  see  the 
value  of  this  feature  of  Dixon's  Flake  Graphite  in  lubricating 
exposed  machinery. 

There  are  lots  of  other  good  points  about  Dixon's  Flake 
Graphite.  Write  us  for  further  information  that  may  easily 
prove  valuable  to  you. 


JOSEPH  DIXON  CRUCIBLE  CO. 


Jersey  City,  N.  J, 


VitV^  r 


HIGH    VACUUM 
APPARATUS 

CONDENSERS 
AIR  PUMPS 
Feed  Water  HEATERS 
Water   Cooling 
TOWERS 
Boiler   Feed   and   Pres- 
sure  PUMPS 

C.  H.  Wheeler  Mfg.  Co. 

PHILADELPHIA 

New  York  _   Chicago 

San  Francisco 


YEAR    BOOKS 

The  Society  wishes  to  have  a  file  of  year  books  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 


No.  2,  1881 
No.  3,  1882 
No.  5,   1884 


No.  6,  1885 
No.  7,  1886 
No.   12,   1891,    July 


No.  13,  1892,  July 
No.   14,   1893,  January 
No.  14,  1893,  July 


The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York 
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ADVERTISING     SUPPLE 

M  E  NT 

SECTION   3 

Hoisting  and  Conveying  Machinery 

Power  Transmission 

Machine   Shop  Equipment       -               .               .               -               . 

Section    1 

Power   Plant   Equipment          -               -               -               -     .          - 

Section  2 

Hoisting   and  Conveying    Machinery.     Power  Transmission 

Section  3 

Engineering   Miscellany            ----- 

Section   4 

WILL  PAY  FOR  ITSELF 
IN  THREE  MONTHS  = 

H  An  E.  C.  &  M.  Magnet  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

Tl  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

Our  magnets  are  dependable — they  will  lift 
more  and  wear  longer  than  any  competitive 
magnet.     Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


■^^^&*fe^;.:*s*'5=- 


The  Efficiency 

of  the  Triplex  Block 
^  EARLY  all  the  effort  exerted  on  the 
■^  hand  chain,  is  transformed  into  hoist- 

ing energy  in  Triplex  Blocks  because  of 
the  "planetary  action." 

The  internal  gear  acting  at  a  large  radius  allows  of 

large  intermediate  gears  which  give  perfect   contact  of 

gear  teeth  and  the  minimum  loss  of  energy  in  friction. 

This  elimination  of  friction   means  slight  wear  which  causes  Triplex 

Blocks  to  maintain  their  efficiency  long  after  blocks  of  other  designs  are 

worn  out. 

The  Triplex  block  is  made  in  14  sizes,  with  a  lifting 
capacity  of  from  i  to  20  tons.  Other  types  are  the 
the  Duplex:  10  sizes,  ^  to  10  tons.  The  Differential: 
7  sizes;  i  to 3  tons.   The  Electric  Hoist;  10  sizes;  i  to  16  tons. 

Y.  &  T.  Blocks  are  carried  in  stock  by  Hardware,  Machinery  and  Mill 
Supply  Dealers. 

Catalog  with  interesting  technical  information  on  request. 

The  Yale  Sc  Towne  Mfg.   Co.,   9  Murray  St.,  New  York 

DA  2 
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MONOBAR"  CHAIN  CONVEYORS 


have  a  long  record  of  good  service 
in  coal-mine  work 

The  construction  of  the 
chain — round  bolts  flex- 
ibly connected — explains, 
partly,  the  success  in 
operation. 

WRITE  F0R;FURTHER  INFORMATION 


LINK -BELT  COMPANY 


PHILADELPHIA 

NEW  YORK,  299  Broadway 

ST.  LOUIS,  Missouri  Trust  Building 

DENVER,  Lindrooth,  Shubart  &  Co. 


CHICAGO 


INDIANAPOLIS 


PITTSBURGH,  1601-2  Park  Building 
SEATTLE,  439-440  New  York  Block 
NEW  ORLEANS,  Wilmot  Machinery  Co, 


THE 

STANDARD 

WIRE 

ROPE 


30 


CLEVELAND  CRANES 


I'   '  I.  '-• 


NOTICE  ! 

We  solicit  your  technical 
inspection  and  criticism  be- 
cause "  Cleveland  Cranes  " 
can  stand  all  tests  and  win. 

The  Cleveland  Crane  Bt  Car  Co> 

-»  WiCKLIFFE.OhIO.  '^         EN«INnMN«COi 


THE    J.     M.     DODGE     COMPANY 

NICETOWN,      PHILADELPHIA 

CONTRACTING    ENGINEERS. 

The  Dodge  System"   of  Coal   Storage 

Cranes,   Bridge  Tramways,  Telphers  and  other  apparatus  for 
the  Transportation  of  material 

Concrete  and  Steel  Structures 


(( 


ELECTRIC  TRAVELERS 
All  Types  for   Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to  run. 

Whiting  Foindry  Equipment  Co. 

Manufacturers,  Engineers,  -Designers 
HARVEY,   ILL.  (Chicago,  suburb) 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 

THE  ALLIANCE  MACHINE  CO.  Alliance,  Ohio 

Pittsburg  OflBce,  Frick  Building.  Birmingbam  OflSce,  Woodward  Building 
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Elevating,  Conveying  and  Power  jn 
Transmitting   Machinery. 


LINK  CHAIN  BELT  CO. 

52  Dey  St  ,  New  York     Write  for  Catalogue  20  E 

Agents  Wanted  in  all  Principal  Cities. 


WILLIAMS  &  WILKINS  COMPANY 

WAVERLY  PRESS  2427-29  York  Road 


CCIENTIFIC,  Technical  and   Literary  Books,    Journals, 

and   Magazines,   Booklets  and  Fine  Catalogues,  designed 

arranged,  engraved  and  executed.     0     ^      ^     i^     0     & 

crpy  oT  ^  A  Brief  Technical  Talk  '^  ^"Tntn^/o^n 


BALTIMORE 


MARYLAND 


Jeffrey 

A5  Electric  Rotary 

Drill 

for 

Coal,  Slate,  Shale,  Clay, 

Salt,  Soft  Rock,  etc. 


This  drill  can  be  abso- 
lutely depended  upon 
to  drill  any  material 
which  can  be  pene- 
trated by  an  auger  bit. 

Bulletin  K-16  will 
interest  you. 


Elevating  and  Conveying  Systems,  Excavating  and  Screening 
Plants,  Car  Hauls,  Coal  Tipples,  Electric  Locomotives  for  Mine 
and  Industrial  Haulage,  etc.  General  catalog  K  SO 

The  Jeffrey  Mfg.  Company 


New  York 

Denver 


COLUMBUS,  OHIO 

Chicago  Boston  St.  Louis 

Knoxville  Charleston,  W.  Va. 


Pittsburg 

Montreal,  Can 
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DODGE 


During  the  last  25  years  we  have  success- 
fully applied  the  Dodge  American  System 
of  Rope  Transmission  to  the  solution  of 
many  varied  power  transmission  problems. 

Outdoor  drives.  Right  Angle  drives. 
Transmitting  large  powers  between  centers 
as  short  as  twelve  feet,  and  centers  as  distant 
as  seven  hundred  feet. 

Everyone  who  is  interested  in  the  installa- 
tion of  rope  drives  should  have  a  copy  of 
our  new  book  J-76  ''Twenty-five  Years 
of  Rope  Driving.'' 

This  book  illustrates  and  describes  a 
number  of  our  rope  drive  installations  and 
shows  how  Dodge  Rope  Drives  have  solved 
difficult  transmission  problems.  Sent  on 
application. 


Dodge  Manufacturing  Company 

MISHAWAKA,  STA.  E-45,   INDIANA 

BOSTON  NEW  YORK  PITTSBURG  CINCINNATI 

BROOKLYN  PHILADELPHIA  CHICAGO  ST.   LOUIS 
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EVER    TRY    A    DIAMOND    CHAIN    DRIVE? 

DIAMOND  CHAIN  DRIVES  will  make  your  machines  produce 
more,  while  the  reduced  attention  which  they  require  permits  one 
attendant  to  handle  a  greater  number  of  machines. 

You  can  depend  vipon  Diamond  Chains  on  the  most  delicate 
automatic  machine.  The  timing  of  the  movements  will  be  abso- 
lutely accurate.  There  will  further  be  a  space  saving  over  other 
driving  methods  and  less  obstruction  to  light. 

Chain  drives  are  elastic  enough  to  cushion  sudden  shocks.  Still 
greater  elasticity  can  be  obtained  by  using  spring  cushioned 
sprockets. 

You  get  these  advantages  without  greater  first  cost  by  using 
Diamond  Chains.  Do  yot:  wonder  that  they  are  replacing  older 
methods  ? 

Ask  for  Book  on  "Chain  Transmission  of  Power." 

DIAMOND  CHAIN  (SL  MFG.  CO. 

259   M^est  Georgia  St.,  Indianapolis,  Ind. 

Capacity  8.000,000  ft.  per  year. 


.    VOLUME  9  TRANSACTIONS 

The  Society  wishes  to  purchase  several  copies  of 

Volume    9    of   the    Transactions.       Members    and 

others  who  have  this  volume  and  would  dispose  of 

it  are  asked  to  write  to 

CALVIN  W.  RICE,  Secretary, 
The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 
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CORK  INSERT 


(PATENTED) 


Wood  Rim  Pulleys 

WITH  IRON  ARMS  AND  HUBS 


—COMBINE— 

Lightness,  great 
strength  and  high 
efficiency  with  a 
marked  saving  in 
cost  over  other 
types  of  pulleys 
of  equal  capacity. 
They  are  adapted 
for  a  wide  range 
of  service  and  are 
unequalled  where 
pulleys  of  large 
size  are  required. 
Speed    Service. 


One  type  is  specially  designed  for  Dynamo  and  High 
Write  for  full  particulars  and  prices. 


CORK  INSERTS 

increase  the  co-efficient  of  friction  of  any  pulley  from  50  to  100  per 
cent.,  eliminate  belt  slipping,  permit  the  use  of  slack  belts,  lessen  the 
wear  on  the  bearings,  greatly  lengthen  the  life  of  the  belts,  and  are  not 
affected  by  dust,  oil,  water  or  atmospheric  conditions.  Millions  in  use 
for  frictional  purposes. 

FOR]  SALE   BY 

National  Brake  &  Clutch  Co. 

(OWNER  AND   PATENTEE) 

16  STATE  STREET,  BOSTON,  MASS. 

ONEIDA  STEEL  PULLEY  COMPANY,  Oneida,  N.  Y. 
THE  FAIRBANKS  COMPANY 

BOSTON  INEW  YORK    CHICAGO    PHILADELPHIA    BALTIMORE    NEW  ORLEANS 
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LIBRARY 


OF 

SCIENCE  AND  ENGINEERING 

The  American   Institute  of  Mining  Engineers 
The  American  Society  of  Mechanical  Engineers 
The  American  Institute  of  Electrical  Engineers 

IN    THE 

ENGINEERING  SOCIETIES  BUILDING 

29  West  39th  St.,  New  York 

A  library  of  50,000  volumes  and  450  current  technical  periodicals  is  at  the  service  of  members 
of  the  three  Founder  Societies.    Members  are  invited  to  extend  the  courtesies  to  non-members. 

The  following  books  are  needed  to  complete  sets: 

American  Foundrymen's  Association,  Journal.  Vol.  1-4:  5,  No.  20,  28-30:  6,  No.  31-35! 
7,  No.  41.  Vol.  8,  No.  48. 

American  Machinist.    Vol.  1-3. 

American  Society  of  Naval  Engineers.    Journal.    Vol.  I,  parts  I  and  2.     1889. 

Chemical  Society.    London.    Journal.    Vol.  1-26. 

Deutsche  Chemische  Gesellschaft.    Berichte.    Vol.  1-6.    1868-1874. 

Foundry.    Vol.  1-22.    1892-1902. 

The  Gas  Engine.    Cincinnati.    Vol.  3-4.    1901-1902. 

Le  Genie  Civil.    Paris.    Vol.  1-23.    i88o-'93.  Vol.  32. 

Institution  of  Naval  Architects.    London.    Transactions.   Vol.  15.     1874. 

Industries  and  Iron.    London.    Vol.  16-17.    1894. 

Journal  of  Physical  Chemistry.    Vol.  1-5.    1897-1901. 

Machinery.    New  York.    Vol.  i.     1894. 

Mining  and  Scientific  Press.    Vol.  1-9,  11-19  (1860-1869):  24-33.    '872-1876. 

Neues   Jahrbuch   fur  Mineralogie,  Geognosie,  Geologie   und  Petrefaktenkunde. 
1836-38. 

Physikalische  Zeitschrift.    Vol.  1-2.    1899-1900. 

Power.     New  York.    Vol.  1-6.    1879-1885. 

Practical  Engineer.    London.    Vol.  5-6.    1888-1889. 

Progressive  Age.    Vol.  1-14. 

Revue  Universelle  des  Mines,  etc.  Liege.  Series  i:  Vols.  1-4  of  Series  2  (1857-78):  Vols. 
2,  9,  11,  15.  and  18  of  Series  3.  Table  des  Matieres  de  la  premiere  et  de  la  seconde  serie  (1857- 
76,  1877-87). 

Schilling's  Journal  fur  Gaseeleuchtung  und  Wasserversorgung.    1858-1906. 

Science.    New  Series.    Vol.  1-6:  9  and  13. 

Scientific  American.    First  series.    Vol.  i  and  2.    1845-1846. 

Sibley  Journal  of  Engineering.    Sibley  College,  Cornell  University.    Vol.  12,  1897-1898. 

SocitTt  DE  l'Industrie  Min£rale.    Bulletin.    Series  1,  Vol.  1-15:  Series  2,  Vol.  1-7. 

6    Atlas.    Part  2,  of  Vol.  11,  13,  14:  also  Part  26-33  °f  ^°'-  ^• 

Compie  Rendu.    Jan.  to  March,  1879,  and  July,  1904. 

Zeitschrift  FiJR  Angewandte  Chemie.      Vol.  1-4.    1887-91. 

Zeitschrift  fur  Anorganische  Chemie.    Vol.  22,  27,  29-38. 

R.  T.  Hill.    Geological  History  of  the  Isthmus  of  Panam.\  and  Portions  of  Costa  Rica. 

Geology  and  Physical  Geography  of  Jamaica. 

Address  the  Secretary  of 

The  American  Society  of  Mechanical  Engineers 

29  West  39th  St.,  New  York 


26 


ADVERTISING      SUPPLEMENT 


SECTION  4 


Engineering   Miscellany 


Machine   Shop  Equipment       -  -  .  .  .  Section    1 

Power  Plant   Equipment  -----  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission      -  Section  3 

Engineering   Miscellany  .....  Section  4 
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CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.Jefferson 
Street,  Chicago,  111. 

New  York  Office,  139-41  Cortlandt  Street 


m 

■'■■■;•'•:• 

^  *■'*« 

'mm 

"l„iii 

KERR  TURBINES 

Direct  connected  to 

Generators 

Blowers 

Pumps 

Other   High   Speed    Machinery    and 
for  Belt  Drive 

Write  for  Bulletin 

KERR  TURBINE  CO.,    WELLSVILLE,  N.  Y. 

The  Jeanesville  Iron  Works  Co. 

HAZELTON,  PA. 

Builders  of 

High-Grade    Pumping    IVIachinery 
Direct-Acting,  Fiy-Wheel  and  Centrifugal 

for 
Elevator,    Mine    and    Waterworks    Service 

VENTURI   HOT    WATER    METER 
for  BOILER  FEED 


contains  no  moving  parts 


ACCURATE 


DURABLE 


VENTURI   METER   TUBE 


BUILDERS  IRON  FOUNDRY,      Providence,  R.  L 
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The  Resources  of  the  Library  of 
Engineering 


Containing  40,000  volumes  and  450  current  periodicals 

are  at  the  service  of  the  engineering 

and  scientific  public. 

The  library  is  open  from  9  a.  m.  to  9  p.  m.  with  trained 
librarians  in  constant  attendance. 

Members  of  the  Founder  Societies  should  invite  friends, 

business  associates  and  employees  to  make 

use  of  its  sources  of  information. 


i 


The   Engineering  Societies  Building 

29  WEST  39th  STREET,  NEW  YORK 


ON  THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  published 
on  this  subject  with  chapters  on: 

Action  of  Tool  and  its  Wear  in  Cutting  Metals 

How  Modern   High-Speed  Tools  Wear 

How  to  Make  and  Record  Experiments 

Lip  and  Clearance  Angle  of  Tools 

Forging  and  Grinding  Tools 

Pressure  of  the  Chip  upon  the  Tool 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water 

Chatter  of  Tools 

How  Long  Should  a  Tool  Run  Before  Regrinding 

Effect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

Tool  Steel  and  its  Treatment 

Theory  of  Hardening  Steel 

Quality  of  Metal  to  be  Cut 

Line  or  Curve  of  Cutting  Edge 

Slide  Rules 

Additional  Experiments  and  Investigations 

2d  Edition — without  discussion  (cloth)          -  $3.00 

3d        "            with              "                "              -  3.50 

3d        "               "                "            (half-morocco)  4.50 

Pages  350.     Folders  24 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 


Facing  pistons  with  Allan  Metal  prevents  scoring  of 
cylinder,  reduces  friction,  wear  and  maintenance  cost. 
A.  ALLAN  &  SON,   490  Greenwich  St.,  N.  Y. 


Write  for  our 
Booklet 

The  Heart  of  the 

Engine 

The  Seat  of 

Power 


OUR    DEMONSTRATING    PLANT 

We  have  installed  a  twenty  ton  refrigerating  capacity  plant  to  demon- 
strate the  efficiency  and  practical  continuous  operation  and  other  desir- 
able qualities  of  the  Carrier  System  of  Dehumidiying,  Air  Cooling  and 
low  temperature  drying. 

If  you  have  any  special  problem  to  be  solved  we  will  demonstrate 
to  you  the  results  obtained  by  the  Carrier  System,  under  the  identical 
conditions  that  you  have  in  your  plant.  Our  demonstrating  plant  is 
arranged  to  give  any   initial  condition  desired. 

Write  us  and  make  arrangements  to  let  us  SHOW  YOU 


CARRIER  AIR  CONDITIONINGCO. 

OF   AMERICA 
39  Cortlandt  St,,  New  York 

133-C 
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ENGINEEKING  SCHOOLS  AND  COLLEGES 


CLARKSON    SCHOOL  OF  TECHNOL- 
OGY 

Thomas  S.  Clarkson  Memorial 

Organized  Under  Charter  of  the  Univer- 
8rrr_  of  the  State  of  New  York.  Coursee 
leading  to  degrees  of  Bachelor  of  Science  in 
Chemical,  Civil,  Electrical  and  Mechanical  Engi- 
neering, comprising  four  years  of  thorough  train- 
ing and  resident  college  work  in  theory  and 
practice  of  engineering.  Copies  of  Clarkson 
Bulletin,  published  quarterly,  mailed  'on  appli- 
cation. Wm.  S.  Aldrich,  Director. 

POTSDAM.  N.  Y. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

^  Course  In  Mechanical  Engineering.  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.D.,  President;  W.  D.  Ennis.  Member 
A.  S.  M.  E.,  Professor  Mechanical  Engineering. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Mechan- 
ical, Electrical  and  Chemical  Engineering.  New 
laboratories  and  excellent  equipment.  Beautiful 
site  within  four  miles  of  Boston.  Preparatory 
department  for  students  who  have  had  engineer- 
ing practice,  but  insufficient  preparation  for 
college  work.  For  information  concerning 
courses  and  positions  of  graduates,  address, 

Prof.  G.  C.  Anthont,  Dean. 

TUFTS  COLLEGE    P.  O.,  MASS. 


THE  RENSSELAER  POLYTECHNIC 
INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.E.,  M.E.,  E.E.  and  B.S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  Troy,  N.  Y. 


THE    UNIVERSITY   OF   MICHIGAN 

Ann  Arbor,  Mich. 

Department  OF  Engineering.  Courses  offered 
in  Civil,  Mechanical,  Electrical,  Chemical,  Marine 
Engineering  and  Naval  Architecture,  Architecture 
and  _  Architectural  Engineering,  and  Geological 
Engineering.  Four,  five  and  six  year  courses. 
University  attendance  5000;  Engineering  attend- 
ance 1350. 

For  special  Bulletins  address, 

James  P.  Bird,  Secretary, 


NEW  YORK   UNIVERSITY   SCHOOL 
OF  APPLIED  SCIENCE 

Departments  or  Civil,  Mechanical  and  Cbeiri- 
cal  Engineering. 

For  announcements  or  information,    address 

Charles  Henry  Snow,  Dean 

UNIVERSITY  HEIGHTS.  N.  Y.  CITY. 


PEOFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Cjnstructors 
Electrical — Civil — Mechanical 

181  LaSalle  Street,  CHICAGO 


EARLE  C.  BACON 

Member  A.  S.  M.  E. 
Hoisting,  Crushing  and  Mining  Machinery 

Havemeyer  Building,  NEW  YORK. 


BERT.  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing    Buildings,     Plants    and    Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO. 


WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 
Inspection  of  Rails,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel,  Cars,  Locomotives,  etc, 
Specialty:  Inspection  of  all  Water- Works  Mate- 
rials,   322   High  Street,    BURLINGTON,   N.   J. 
Maison  Blanche  Bldg.,  NEW  ORLEANS,  L.\. 
R,  C.  Huston,  C.  E.,  Southern  Representative. 

D.  HURLEY  &  COMPANY 

Factory  and  Mill  Engineering. 
17  Custom  House  Street,  PROVIDENCE,  R.  I. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill   Engineer  and   Architect. 

Room  911,  45  Milk  Street,  BOSTON,  MASS. 

J.  G.  O'NEIL 

Member  A.  S.  M.  E. 
Contracting    Engineer;    Boilers,    Engine 
Pumps   and   Steam    Specialties. 

304  The  Rookery,  CHICAGO,  ILL. 
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CLASSIFIED  LIST  OF  ADVERTISERS 


AIR  CONDITIONING. 

Carrier  Air  Conditioning  Co.,  New  York. 

AIR  WASHING. 

Carrier  Air  Conditioning  Co.,  New  York. 
ARBORS. 

Morse  Twist  Drill  &  Machine  Co.,  New  Bed- 
ford, Mass. 

AUTOMATIC  MACHINERY. 
Diamond  Chain  &  Mfg.  Co.,  Indianapolis,  Ind. 

AUTOMATIC  STOKERS. 
Detroit  Stoker  &  Foundry  Co.,  Detroit,  Mich. 

BARRELS,  TUMBLING. 
Whiting   Foundry   Equipment   Co.,   Harvey, 

BELTING,  CHAIN. 

Link  Belt  Co.,  Philadelphia,  Pa. 
Link  Chain  Belt  Co.,  New  York. 

BELTING,  LEATHER. 
Schieren  Co.,  Chas.  A.,  New  York. 

BLOWERS,  POSITIVE  PRESSURE. 

American  Gas  Furnace  Co.,  New  York. 

BLOW  PIPES  AND  BLOWERS. 

American  Gas  Furnace  Co.,  New  York. 

BLUE  PRINTING  MACHINES. 

Buckeye  Engine  Co.,  Salem,  O. 

BOILERS. 

Heine  Safety  Boiler  Co.,  St.  Louis,  Mo. 
Murray  Iron  Works  Co.,  Burlington,  Iowa. 
Robb-Mumford   Boiler  Co.,   S.  Framingham, 
Mass. 

BORING  MILLS. 

Manning,  Maxwell  &  Moore,  New  Y'ork. 
BOLTS  AND  NUTS. 

Russell,  Burdsall  and  Ward  Bolt  and  Nut  Co 
Port  Chester,  N.  Y. 

BOLT  AND  NUT  MACHINERY. 

Manning,  Maxwell  &  Moore,  New  York. 
National  Machinery  Co.,  Tiffin,  O. 

CAR  DUMPERS. 
Dodge  Co.,  J.  M.,  Philadelphia,  Pa. 

CAR  HAULS,  WIRE  CABLE. 
Jeffrey  Mfg.  Co.,  Columbus,  O. 

CARS,  SCALE. 

Alliance  Machine  Co.,  Alliance,  O. 

CASE  HARDENING  MACHINES. 
American  Gas  Furnace  Co.,  New  York. 

CASTINGS,  SPECIAL  HEAVY. 
Hooven,  Owens  &  Rentschler  Co.,  Hamilton. 
O. 

CENTERING  M.\CHINES. 

Whiton   Machine  Co.,   D.   E.,   New   London, 
Conn. 


CHAIN  BLOCKS. 
Y'ale  &  Towne  Mfg.  Co.,  New  York. 

CHAINS,    DODGE,   EWART,  LEY, 
MONOBAR,  RENOLD,  Etc. 

Link  Belt  Co.,  Philadelphia,  Pa. 
CHAIN  DRIVES. 

Diamond  Chain  &  Mfg.  Co.,  Indianapolis, Ind. 
Link  Belt  Co.,  Philadelphia,  Pa. 

CHAINS,  SPROCKET. 

Diamond  Chain  &  Mfg.  Co.,  Indianapolis,  Ind. 
Link  Belt  Co.,  Philadelphia,  Pa. 

CHUCKS,  DRILL. 

Morse  Twist  DriU  &  Machine  Co.,  New  Bed- 
ford, Mass. 

Whiton  Machine  Co.,  D.  E.,  New  London, 
Conn. 

CHUCKS,  LATHE. 
Whiton   Machine  Co.,   D.   E.,   New  London, 
Conn. 

CLUTCHES,  FRICTION. 

Dodge  Mfg.  Co.,  Mishawaka,  Ind. 

COAL   AND    ASHES    HANDLING    MA- 
CHINERY. 

Link  Belt  Co.,  Philadelphia,  Pa. 
Link  Chain  Belt  Co.,  New  York. 

COAL  CUTTERS. 
Jeffrey  Mfg.  Co.,  Columbus,  O. 

COAL  STORAGE. 
Dodge  Co.,  J.  M.,  Philadelphia,  Pa. 

COMPRESSORS,  AIR. 
Riverside  Engine  Co.,  Oil  City,  Pa. 

COMPRESSORS,  GAS. 
Riverside  Engine  Co.,  Oil  City,  Pa. 

CONDENSERS,    SURFACE,    JET   AND 
BAROMETRIC. 
Wheeler  Mfg.  Co.,  C.  H.,  Philadelphia,  Pa. 

CONVEYING  MACHINERY. 

Diamond  Chain  &  Mfg.  Co.,  Indianapolis,  Ind. 
Dodge  Mfg.  Co.,  Mishawaka,  Ind. 
Jeffrey  Mfg.  Co.,  Columbus,  O. 
Link  Belt  Co.,  Philadelphia,  Pa. 
Link  Chain  Belt  Co.,  New  York. 

COOLING. 

Carrier  Air  Conditioning  Co.,  New  York. 

COPPER  CONVERTING  MACfflNERY. 

Alliance  Macliine  Co.,  Alliance,  O. 
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Errington,  F.  A.,  New  York. 
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Manning,  Maxwell  &  Moore,  New  York. 
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General  Electric  Co.,  Schenectady,  N.  Y. 
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Tufts  College,  Tufts  College,  Mass. 
University  of  Michigan,  Ann  Arbor,  Mich. 
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FILES. 
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American  Gas  Furnace  Co.,  New  York. 
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111. 

FURNACES,  ANNEALING  AND  TEM- 
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HAMMERS,  STEAM 

Alliance  Machine  Co.,  Alliance,  O. 
-Manning,  Maxwell  &  Moore,  New  York. 

HANGERS,  SHAFT. 
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LOCOMOTIVE— COALING  STATIONS 
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METERS,  WATER. 
National  Meter  Co.,  New  York. 

MILLING  MACHINES. 

Manning,  Maxwell  &  Moore,  New  York. 

MOTORS,  ELECTRIC. 

American  Engine  Co.,  Bound  Brook,  N.  J. 
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Golden-Anderson  Valve  Specialty  Co.,  Pitts- 
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R.  I. 

Morse  Twist  Drill  &  Machine  Co.,  New  Bed- 
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SEPARATORS,  STEAM  AND  OIL. 
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ford, Mass. 
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STEEL  PLATE  CONSTRUCTION. 

Robb-Mumford  Boiler  Co.,   South   Frammg- 

ham,   Mass. 
Struthers- Wells  Co..  Warren,  Pa. 
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Detroit  Stoker  &  Foundry  Co.,  Detroit,  Mich. 

SUPERHEATERS. 

Heine  Safety  Boiler  Co.,  St.  Louis,  Mo. 

TAPPING  MACHINES  AND  ATTACH- 
MENTS. 

F.  A.  Errington,  New  York. 
TAPS  AND  DIES. 

Carpenter  Tap  &  Die  Co.,  J.  M.,  Pawtucket, 
R.  I. 

Morse  Twist  Drill  &  Macliine  Co.,  New  Bed- 
ford, Mass. 

TELPHERS. 
Dodge  Co.,  J.  M.,  Philadelphia,  Pa. 

TOWERS,  HOISTING. 
Dodge  Co.,  J.  M.,  Philadelphia,  Pa. 

TRACK,  INDUSTRIAL. 
Whiting   Foundry   Equipment   Co.,    Harvey, 

TRAMWAYS,  BRIDGE. 

Dodge  Co.  J.  M.,  Philadelphia,  Pa.- 

TRAPS,  STEAM. 

Albany  Steam  Trap  Co.,  Albany,  N.  Y. 
Golden- Anderson   Valve  Specialty  Co.,  Pitts- 
burg, Pa. 
Lindstrom,  .John  T.,  AUentown,  Pa. 

TRANSMISSION  MACHINERY. 

Diamond  Ch.ain  &  Mfg.  Co.,  Indianapolis,  Ind. 
Dodge  Mfg.  Co.,  Mishawaka,  Ind. 
Link  Belt  Co.,  Philadelphia,  Pa. 
Link  Chain  Belt  Co.,   New  York. 

TURBINES,  STEAM. 

General  Electric  Co.,  Schenectady,  N.  Y. 
Hoover,  Owens  &  Rentschler  Co.,  Hamilton, 

O. 
Kerr  Turbine  Co..  Wellsville,  N.  Y. 

TURRET  LATHES. 

Jones  &  Lamson  Macliine  Co..  Springfield,  Vt. 
Warner  &  Swasey  Co.,  Cleveland,  O. 

UPSETTING     AND     FORGING     MA- 
CHINES. 
National  Machinery  Co.,  Tiffin,  O. 

VALVE  DISCS,  METALLIC. 
Allan  &  Son,  A.,  New  York. 

VALVES,  AUTOMATIC, 

Golden-Anderson  Valve  Specialty  Co.,  Pitts- 
burg, Pa. 
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VALVES,  BACK  PRESSURE. 

Kennedy  \'alve  Co.,  Elmira,  N.  Y. 
Walch  &  Wyeth,  Chicago,  111. 

VALVES,  BOILER  STOP. 
Golden-Anderson  Valve  Specialty  Co.,  Pitts- 
burg,  Pa. 

VALVES,  BLOW-OFF. 

Golden-.\nderson  Valve  Specialty  Co.,  Pitts- 
burg, Pa. 
Manning,  Maxwell  &  Moore,  New  York. 

VALVES,  CHECK. 

Albany  Steam  Trap  Co.,  Albany,  N.  Y. 
Golden-Anderson  Valve  Specialty  Co.,  Pitts- 
burg, Pa. 
Kennedy  Valve  Co.,  Elmira,  N.  Y. 
Manning,  Maxwell  &  Moore,  New  York. 
Nelson  Valve  Co.,  Pliiladelpliia,  Pa. 
Walch  &  Wyeth,  Claicago,  111. 

VALVES,  FLOAT. 

Golden-Anderson  Valve  Specialty  Co.,  Pitts- 
burg, Pa. 

VALVES,  GATE. 

.Albany  Steam  Trap  Co.,  Albany,  N.  Y. 
Kennedy  Valve  Co.,  Elmira,  N.  Y. 
Nelson  Valve  Co.,  Philadelphia,  Pa. 
Simmons  Co.,  John,  New  York. 
Walch  &  Wyeth,  Cliicago,  111. 

VALVES,  GLOBE. 

Albany  Steam  Trap  Co.,  Albany,  N.  Y. 
Detroit  Lubricator  Co.,  Detroit,  Mich. 
Kennedy  Valve  Co.,  Elmira,  N.  Y. 
Manning,  Maxwell  &  Moore,  New  York. 
Nelson  Valve  Co.,  Philadelphia,  Pa. 

VALVES,  HYDRAULIC. 
Nelson  Valve  Co.,  Philadelphia,  Pa. 

VALVES,  NON-RETURN. 

Golden-Anderson  Valve  Specialty  Co.,  Pitts- 
burg, Pa. 
Walch  &  Wyeth,  Chicago,  111. 

VALVES,  RADIATOR. 

Detroit  Lubricator  Co.,  Detroit,  Mich. 
Kennedy  Valve  Co.,  Elmira,  N.  Y. 


VALVES,  REDUCING. 

Golden-Anderson  Valve  Specialty  Co.,  Pitta- 
burg,  Pa. 
Mason  Regulator  Co.,  Boston,  Mass. 

VALVES,  STEAM. 

Albany  Steam  Trap  Co.,  Albany,  N.  Y. 
Manning,  Maxwell  &  Moore,  New  York. 
Nelson  Valve  Co.,  Philadelphia,  Pa. 

VALVES,  SWING  GATE. 
Walch  &  Wyeth,  Chicago,  111. 

WATER  COOLING  TOWERS. 
Wheeler  Mfg.  Co.,  C.  H.,  Pliiladelphia,  Pa. 

WATER  TOWERS. 
Struthers-Wells  Co.,  Warren,  Pa. 

WATER  COLUMNS. 

Golden-Anderson  Valve  Specialty  Co.,  Pitts- 
burg, Pa. 

WATER  SOFTENERS  AND  PURIFIERS. 
Dodge  Mfg.  Co.,  Mishawaka,  Ind. 

WHEELS,    SHEAVE,    SPROCKET, 
TRACTION. 
Link  Belt  Co.,  Philadelphia,  Pa. 

WIRE  NAIL  MACHINES. 
National  Machinery  Co.,  Tiffin,  O. 

WIRE  ROPE. 

Roebling's  Sons  Co.,  John  A.,  Trenton,  N.  J- 

WOOD  POLISHING  WHEELS. 
Builders  Iron  Foundry,  Providence,  R.  I. 

WOODWORKING  MACHINERY. 

Manning,  Maxwell  &  Moore,  New  York. 
Seneca  Falls  Mfg.  Co.,  Seneca  Falls,  N.  Y. 

WRENCHES. 

Morse  Twist  Drill  &  Machine  Co.,  New  Bed- 
ford, Mass. 

WINCHES. 

Yaie  and  Towne  Mfg.  Co.,  New  York. 
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THE  SPRING  MEETING 

The  Spring  Meeting  was  held  in  Washington,  D.  C,  at  the  New 
Willard  Hotel,  May  4-7.  The  total  registration  was  609,  of  whom 
276  were  members.  Fewer  professional  sessions  than  usual  were 
arranged  by  the  Meetings  Committee  in  order  that  visiting  members 
and  their  guests  might  avail  themselves  of  the  opportunities  afforded 
to  inspect  places  of  interest  at  the  national  capital. 

The  Convention  opened  on  Tuesday  evening  with  a  reception  in 
the  large  assembly  hall  of  the  New  Willard,  followed  by  dancing, 
witli  music  by  the  Marine  Band.  The  reception  was  largely  attended 
and  the  occasion  was  a  brilliant  one.  As  the  guests  arrived  they  were 
received  by  the  President  and  Mrs.  Smith,  Mrs.  W.  L.  Marshall,  Mrs. 
Charles  D.  Walcott,  and  Mrs.  F.  H.  Newell. 

D.  S.  Carll,  President  of  the  Washington  Society  of  Engineers, 
called  the  assembly  to  order  at  9  o'clock,  and  extended  a  hearty 
welcome  to  the  Society  on  behalf  of  its  local  members  and  of  the 
Washington  Society  of  Engineers.  He  then  introducetl  Hon.  Henry 
B.  F.  Macfarland,  President  of  the  Board  of  Commissioners  of  the 
District  of  Columbia. 

Speaking  on  behalf  of  these  same  bodies  and  of  the  District  of 
Columbia,  Mr.  Macfarland  referred  especially  to  the  work  of  engineers 
in  the  city  of  Washington,  and  said  in  part:  There  is  a  particularly 
warm  welcome  for  the  Society  in  the  national  capital,  since  engineers 
more  than  the  men  of  any  other  profession  have  made  it  what  it  is. 
George  Washington,   in  the  year  of  the  birth  of  the  Constitution, 
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conceived  the  idea  of  a  magnificent  capital,  then  ridiculously  out  of 
proportion  to"  the  youth,  weakness  and  poverty  of  the  new  nation. 
L' Enfant  and  Ellicott  in  the  beginning,  and  a  long  line  of  able  and 
brilliant  engineers  since  then,  chiefly  of  the  United  States  Army,  have 
rendered  important  servce  in  carrying  out  his  plans.  The  past  nine 
years,  the  great  municipal  building  period  of  the  cit}^,  have  been 
occupied  with  such  engineering  feats  as  the  installation  of  the  filtra- 
tion plant,  the  sewage  disposal  system,  the  new  pumping  system, 
the  District  government  railway  terminal  work,  the  District  govern- 
ment building  on  Pennsylvania  Avenue  and  its  approaches,  the 
Connecticut  Avenue  bridge,  and  others  of  a  similar  character.  Wash- 
ington appreciates  engineers. 

President  Smith  in  responding  for  the  Society  extended  the  thanks 
of  the  members  for  this  cordial  welcome  and  their  appreciation  of 
the  interesting  program  prepared  for  their  pleasure  and  entertain- 
ment by  the  committees  of  the  Washington  Society  of  Engineers 
and  of  the  local  members. 

RECEPTION    COMMITTEE    FOR    TUESDAY    EVENING 

The  follo^ving  prominent  engineers  constituted  the  reception  com- 
mittee for  Tuesday  evening: 

Lieut.  Col.  Frederic  V.  Abbot,  Corps  of  Engrs.,  U.  S.  A.,  Office  Ch.  of  Engrs.; 
Walter  C.  Allen,  Elec.  Engr.,  Dist.  of  Columbia;  Frank  L.  Averill,  Cons.  Engr.; 
Philander  Bett.s,  Asst.  Prof.  Elec.  Engrg.,  Geo.  Washington  University;  Louis 

D.  Bliss,  Pres.,  Bliss  Sch.  of  Elec.;  Rear-Admiral  Washington  L.  Capps,  Ch., 
Bureau  Constr.  and  Repair,  Navy  Dept.;  David  S.  Carll,  V.  P.  &  Gen.  Mgr., 
Capital  Traction  Co.;  Brig.  Gen.  William  Crozier,  Ch.  of  Ordnance,  U.  S.  Army; 
Arthur  P.  Davis,  Ch.  Engr.,  Reclamation  Service;  David  T.  Day,  Petroleum 
Expt.,  Geolog.  Survey;  Capt.  J.  B.  Dillard,  Ordnance  Dept.,  U.  S.  Army; 
Proctor  L.  Dougherty,  Asst.  Insp.  Elec.  Light  Plants,  Treas.  Dept.;  Robert 
Farnham,  Jr.,  Asst.  Engr.  of  Constr.,  Penna.  R.  R.;  Harry  W.  Fuller, 
Gen.  Mgr.,  Washington  Ry.  and  Elec.  Co.;  Howard  L.  Hodgkins,  Dean,  College 
of  Engrg.,  Geo.  Washington  University;  John  C.  Hoyt,  Asst.  Ch.  Hydrographer, 
U.  S.  Geol.  Survey;  Ernest  N.  Janson,  Mech.  Engr.,  Navy  Dept.;  Capt.  Wil- 
liam Kelly,  Corps  of  Engrs.,  U.  S.  A.,  Asst.  to  Engrg.  Commissioner,  D.  C,  Charles 
S.  Kimball,  Engr.  Maintenance  of  Way,  Wash.  Ry.  &  Elec.  Co.;  Marshall  O. 
Leighton,  Ch.  Hydrographer,  U.  S.  Ceol.  Survey ; Charles  A.  McKenney,  Cons.  Engr. ; 
Hon.  Robert  Shaw  Oliver,  Asst.  Secy,  of  War;  Alfred  H.  Raynal,  Mech.  Engr., 
Navy  Dept.;  1st  Lieut.  William  H.  Rose,    Corps  of  Engrs.,  U.  S.  A.;  William 

E.  Schoenborn,  Expt.  in  Pat.  Causes;  Lindley  E.  Sinclair,  Gen.  Supt.,  Potomac 
Elec.  Power  Co.;  Charles  F.  Sponsler,  Ch.  Engr.,  Bureau  of  Standards;  Lt. 
Col.  Thomas  W.  Symons,  Advisory  Board,  Cons.  Engr.,  State  Canals,  N.  Y.; 
O.  H.  Tittman,  Ch.,  Coast  &  Geodetic  Survey;  Francis  R.  Weller,    Civil   and 
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Hyd.  Engr.;  Herbert  M.  Wilson,  Ch.   Engr.,  Tech.  Branch,  U.  S.  Geolog.  Sur- 
vey; Brig.  Gen.  James  B.  Aleshire,  Quartermaster  Gen.,  U.  S.  A. 

Business  Meeting  Wednesday  Morning,  May  5 

The  report  of  the  tellers  of  election  was  received  and  there  being  no 
objection  the  President  declared  the  names  presented  duly  elected 
to  membership  in  the  Society.  They  will  be  pubhshed  in  The  Journal 
in  the  usual  department  for  changes  in  membership. 

A  report  from  the  Membership  Committee  was  presented  which 
calls  for  amendments  to  C  10  and  C  11  of  the  constitution.  The 
first  amendment  is  as  follows: 

C  10  "An  Associate  shall  be  30  years  of  age  or  over.  He  must  have  been  so 
connected  with  some  branch  of  engineering,  or  science,  or  the  arts,  or  indus- 
tries, that  the  Council  will  consider  him  quaUfied  to  cooperate  with  engineers 
in  the  advancement  of  professional  knowledge.     He  need  not  be  an  engineer." 

The  committee  recommends  the  following  to  be  added  at  the  end 
of  C  11  of  the  constitution. 

"A  person  who  is  over  30  years  of  age  cannot  enter  the  Society  as  a  Junior." 

The  report  of  the  Membership  Committee  published  in  The  Journal 
for  December  1908  gives  in  full  the  reasons  for  desiring  the  change. 
The  proposed  amendments  were  discussed,  and,  in  accordance  with 
the  rules  governing  the  amendments  to  the  constitution,  will  be  pre- 
sented at  the  annual  meeting  for  final  action,  after  wliich  they  will  be 
sent  to  the  membership  for  letter  ballot. 

Prof.  Ira  H.  Woolson,  who  was  a  member  of  the  Membership  Com- 
mittee for  five  years,  heartily  commended  the  proposed  change  and 
hoped  it  would  become  a  part  of  the  constitution. 

Prof.  F.  R.  Hutton  proposed  an  amendment  to  C  45,  adding 
"Public  Relations  Committee"  after  "House  Committee." 

resolution   in   regard   to   the   united   states   patent    office 

In  view  of  the  fact  that  it  has  been  brought  to  the  notice  of  the 
Society  that  a  movement  is  under  consideration  to  increase  and 
improve  the  facihties  for  the  work  of  the  United  States  Patent  Office, 
Prof.  F.  R.  Hutton  introduced  the  following  resolution. 

Resolved,  That  this  Society  in  convention  assembled  requests  the 
Council  of  the  Societv  to  consider  the  desirability  of  taking  some 
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action  in  furtherance  of  the  movement  to  increase  the  Patent  Office 
facihties,  and,  if- deemed  advisable,  that  they  request  the  individual 
members  to  take  steps  to  urge  their  iniluence  to  this  end  upon  their 
Senators  and  Representatives. 

The  resolution  was  voted  by  the  meeting. 

PROFESSIONAL   SESSION,    WEDNESDAY    MORNING 

Four  papers  were  presented  at  this  morning  session,  two  of  which 
related  to  the  conveying  of  materials.  The  first  was  upon  A  Unique 
Belt  Conveyor,  by  Ellis  C.  Soper,  of  Detroit,  Mich.,  vvhich  described  an 
installation  consisting  of  a  conveyor  one-quarter  mile  long,  so 
located  on  an  incline  that  less  power  is  required  to  operate  it  empty 
than  when  loaded.  Data  upon  performance  were  given.  The 
second  was  upon  Automatic  Feeders  for  Handling  Material  in  Bulk 
by  C.  Kemble  Baldwin,  of  Chicago,  111.  This  contained  outline 
drawings  and  descriptive  matter  upon  different  designs  of  feeders, 
to  enable  the  engineer  to  select  the  type  best  suited  to  his  needs. 

These  two  papers  were  discussed  by:  William  T.  Donnelly,  William 
A.  Bole,  T.  A.  Bennett,  Harrington  Emerson,  Fred  J.  Miller,  Geo. 
Dinkel,  W.  E.  Snyder,  E.  J.  Baufield. 

The  third  paper  was  upon  A  New  Transmission  Dynamometer, 
by  Prof.  Wm.  H.  Kenerson  of  Providence,  R.  I.  This  is  made  in  the 
form  of  a  shaft  coupling.  The  apparatus  contains  an  oil  chamber, 
one  side  of  which  is  a  diaphragm,  and  it  is  so  arranged  that  pressure 
is  brought  against  this  diaphragm  directly  proportional  to  the  amount 
of  power  transmitted.  A  gage  or  other  registering  apparatus  is  con- 
nected with  the  oil  chamber  by  a  small  tube  which  indicates  the  press- 
ure and  the  water  power  transmitted.  Discussion  was  offered  by 
A.  F.  Masury. 

The  last  paper  was  upon  Polishing  Metals  for  Examination  with 
the  Microscope  by  Albert  Kingsbury,  Pittsburg,  Pa.,  in  which  he 
described  the  use  of  a  polishing  machine  carrying  discs  faced  with 
common  paraffin  and  charged  with  wet  abrasives.  This  produces 
excellent  surfaces  on  all  the  harder  metals  and  alloys,  but  has  not 
proved  serviceable  upon  the  soft  metals,  such  as  lead. 

Wednesday  Evening  Lecture 

On  Wednesday  evening  Frederick  H.  Newell,  director  of  the  Recla- 
mation Service,  was  to  have  lectured  on  Home  Making  in  the  Arid 
Regions.     As  he  could  not  be  present  a  lecture  on  this  subject  was 
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given  instead  by  Arthur  P.  Davis,  Cliief-Engineer  of  the  Rechunation 
Service. 

The  United  States  Reclamation  Service  in  its  seven  3^ears  of  exist- 
ence has  undertaken  26  projects  situated  in  16  different  states  and 
territories  of  the  West.  It  has  invested  in  construction  about  $40,- 
000,000.  Nineteen  projects  have  been  brought  to  a  point  where 
some  hmd  is  now  under  irrigation.  Water  is  ready  for  dehvery  to 
about  half  a  million  acres.  An  average  of  about  10,000  laborers  is 
employed  on  this  work,  and  over  55,000,000  cu.  yd.  of  rock  and 
earth  have  been  excavated.  Over  2000  miles  of  canals  have  been 
built  and  56  tunnels  have  been  bored,  which  have  a  total  length  of 
over  13  miles. 

Twelve  large  earthern  dams,  and  one  high  masonry  dam  have  been 
completed,  and  two  other  masonry  dams,  which  will  rank  among  the 
highest  dams  in  the  world  are  in  an  advanced  stage  of  construction. 
Many  of  these  projects  are  in  remote  localities  into  which  roads  had 
to  be  built,  some  of  which  were  carved  in  precipitous  rock,  or  tun- 
nelled through  mountains.  In  the  aggregate  342  miles  of  roads 
and  793  bridges  have  been  constructed. 

In  some  localities,  especially  on  the  Pacific  slope,  the  mild  climate, 
and  the  nearly  perpetual  sunshine,  produce  remarkable  results  in 
the  growth  of  fruits,  which  for  color,  flavor  and  physical  perfection 
cannot  be  equaled  in  a  more  humid  climate.  The  chemical  force 
in  sunshine  and  a  perfectly  regulated  water  supply  are  also  evident 
in  the  yields  of  vegetables  and  forage  crops. 

The  lecture  was  illustrated  by  many  beautiful  slides. 

Gas  Power  Section 

At  this  session,  F.  R.  Low,  Chairman  of  the  Gas  Power  Section 
presided,  and  Geo.  A.  Orrok  acted  as  Secretary.  Previous  to  the 
reading  of  the  professional  papers  were  reports  from  the  committees. 

Membership  Committee:  The  report  showed  a  total  memljer- 
ship  of  302,  of  which  177  were  members  of  The  American  Society 
of  Mechanical  Engineers  and  125  were  affiliates.  The  Membership 
Committee  is  thoroughly  organized  with  representatives  in  differ- 
ent cities. 

Literature  Committee:  Prof.  C.  H.  Benjamin  gave  a  verbal 
report  of  this  committee  stating  that  the  committee  is  organized 
for  w^ork  and  had  laid  out  a  tentative  program.  It  was  hoped  to 
index  the  books  on  the  subject  of  gas  power  and  articles  in  periodi- 


8  SOCIETY    AFFAIRS 

cals  dealing  with  gas  power  and  allied  subjects;  also  to  present  reviews 
of  new  books  and  abstracts  of  important  articles-.  There  would  be 
two  fields  for  work:  one,  a  prominent  one,  and  the  other  in  the  line  of 
current  work  relating  to  popular  reviews  and  abstracts  for  the  benefit 
of  members. 

Plant  Operations  Committee:  A  verbal  report  was  offered  by 
Irving  E.  Moultrop  reporting  progress  and  that  standard  forms  for 
obtaining  operating  data  on  gas  power  plants  were  in  preparation. 
The  committee  has  a  large  membership  and  is  widely  scattered  so 
that  it  had  been  impossible  to  arrange  a  meeting,  but  the  work  had 
been  advanced  as  far  as  possible  by  correspondence. 

Reports  of  other  committees  will  be  offered  later. 

Mr.  Orrok  stated  with  reference  to  the  work  of  committees  that  it 
is  conducted  with  the  idea  that  as  the  Gas  Power  Section  has  been 
formed  while  the  art  is  young  it  will  be  poss^ible  to  place  a  record  of 
its  development  on  file  to  keep  at  the  headquarters  of  the  Society. 
Such  data  in  connection  with  the  large  librar}'  will  place  at  the  dis- 
posal of  anyone  interested  in  the  industry  the  available  information 
upon  the  subject  of  gas  power. 

Following  the  presentation  of  the  reports  came  the  professional 
papers,  the  first  of  which  was  on  Marine  Producer  Gas  Power,  by 
C.  L.  Straub  of  New  York.  This  paper  explained  the  conditions 
opposing  the  earlier  adoption  of  producer  gas  power  for  marine  service 
and  gave  a  summary  of  marine  gas  power  plants  in  operation  at 
present.  It  compared  the  updraft  and  downdraft  of  producer  gas 
apparatus  and  contained  comparative  drawings  of  the  steam  equip- 
ment and  two  types  of  producer  gas  equipment  for  a  806  ft.  boat. 
Discussion  was  offered  by  the  following:  J.  A.  Holmes,  George 
Dinkel,  Henry  Penton,  Irving  E.  Moultrop,  Herbert  M.  Wilson,  E. 
T.  Adams. 

The  next  paper  was  upon  The  Operation  of  a  Small  Producer  Gas 
Power  Plant,  by  C.  W.  Obert  of  New  York.  It  presented  a  geneial 
description  of  a  producer  gas  power  plant  in  the  Westchester  market 
building  of  Swift  &  Company,  Bronx  Borough,  New  York.  The 
author  outlined  the  operating  and  maintenance  system  developed 
for  keeping  producers  and  engines  in  proper  condition  for  continuous 
operation.  This  paper  was  discussed  by:  J.  A.  Holmes,  John  H. 
Norris,  Wm.  A.  Bole,  Henry  R.  Cobleigh. 

A  paper  was  presented  upon  A  Method  of  Improving  the  Efficiency 
of  Gas  Engines,  by  Thomas  E.  Butterfield  of  Philadelphia,  Pa.  It 
related  to  the  securing  of  higher  efficiency  by  reducing  the  clearance 
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and  increasing  the  compression  and  referred  especially  to  a  method 
of  diluting  with  an  inert  gas  the  charge  drawn  in  during  the  suction 
stroke  of  an  Otto  cycle  engine.  By  this  means  premature  ignition 
and  other  troubles  incident  to  high  compression  are  avoided.  Dis- 
cussion followed  by  A.  M.  Greene,  Jr.,  and  W.  0.  Barnes. 

The  last  paper  of  the  session  was  upon  Offsetting  Cylinders  in 
Single-Acting  Engines  by  Prof.  T.  M.  Phetteplace  of  Providence, 
R.  I.  It  gave  the  results  of  an  investigation  of  this  subject  in  which 
the  various  factors  entering  into  the  problem  were  taken  into  account. 
Discussion  was  contributed  by  Winslow  H.  Herschel  and  John  H. 
Norris. 

Presentation  of  Portrait  of  Rear-Admiral  Melville 

On  Thursday  evening  was  the  presentation  to  the  National  Gallery 
of  a  portrait  of  Rear-Admiral  Geo.  W.  Melville  with  addresses  given 
in  the  auditorium  of  the  New  Willard.  President  Smith  presided  and 
a  large  audience  assembled  for  the  ceremony  and  was  addressed  by 
Rear-Admiral  Melville  on  The  Engineer  in  the  Navy.  Mr.  Walter 
M.  McFarland  of  Pittsburg,  Pa.,  gave  an  appreciation  of  Melville 
as  a  man  and  of  his  work  for  the  nation  and  the  profession.  The 
portrait  was  accepted  with  appropriate  remarks  by  Dr.  Chas,  D. 
Walcott,  Secretary  of  the  Smithsonian  Institution, 

At  the  conclusion  of  the  ceremony,  President  Smith  appropriately 
asked  that  Mr.  Sigismond  de  Ivanowski,  the  Russian  artist  who  had 
produced  so  admirable  a  likeness  of  Melville,  be  escorted  to  the 
platform.  This  noted  artist  briefly  and  simply  told  of  his  attempt 
to  portray  the  strong  characteristics  of  his  subject  and  displayed 
evident  pleasure  that  his  efforts  were  so  warmly  appreciated. 

Professional  Session,  Friday  Morning 

Five  papers,  and  a  continuation  of  the  Safety  Valve  discussion 
given  at  the  February  meeting  in  New  York,  were  scheduled  for  this 
session.  The  first  paper  was  upon  Small  Steam  Turbines  by  Geo. 
A.  Orrok  of  New  York.  The  various  types  of  turbines  now  on  the 
market  were  illustrated  and  described  and  a  number  of  steam  con- 
sumption curves  were  given  to  demonstrate  the  economy  that  might 
be  expected  from  machines  of  this  type.  Discussion  was  offered  by 
the  following:  Charles  B.  Rearick,  Charles  A.  Howard,  Prof.  R,  C, 
Carpenter,  W.  D.  Forbes,  R,  H,  Rice,  Harry  Y.  Haden,  Fred.  D. 
Herbert,  W.  E.  Snyder,  WilHam  T,  Donnelly,  F.  H.  Ball. 
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A  paper  on  Compressed  Air  Pumping  Systems  of  Oil  Wells  by 
Edmund  M.  Ivens  of  New  Orleans,  La.,  was  read,  in  which  a  descrip- 
tion was  given  of  cojiipressed  air  plants  at  Evangeline,  La.,  oil  fields, 
and  the  results  of  tests  upon  these  plants  with  different  types  of 
apparatus.  Discussion  b}':  F.  A.  Halsey,  Chas.  E.  Joubert,  Sanford 
A.  Moss,  and  J.  E.  Callan. 

Following  this  was  the  Safety  Valve  discussion  in  which  the  follow- 
ing participated:  F.  L.  Pryor,  E.  F.  Miller,  Geo.  H.  Musgrave,  A.  B. 
Carhart,  Sidney  B.  Paine,  M.  W.  Sewall,  Albert  C.  Ashton,  A.  F. 
Nagle,  Jerome  J.  Aull,  A.  J.  Hewlings,  F.  M.  Whyte,  P.  G.  Darling. 

Two  papers  followed  upon  the  properties  of  steam;  one  by  Prof. 
C.  H.  Peabody,  of  Boston,  Mass.,  on  Specific  Volume  of  Saturated 
Steam,  and  the  other  upon  Some  Properties  of  Steam  by  Prof.  II.  C. 
H.  Heck  of  New  Brunswick,  N.  J.  The  former  reviewed  the  results 
of  experiments  which  might  form  the  basis  of  a  computation  of 
specific  volumes  at  various  temperatures  and  compared  the  com- 
puted results  with  experimental  determinations  of  the  same  quantities. 
The  latter  paper  summarized  the  important  work  of  Holborn  and 
Henning  and  compared  the  results  of  other  investigators.  These 
two  papers  constituted  another  step  ahead  in  the  work  that  is  now 
being  accomplished  towartl  securing  accurate  information  upon  the 
properties  of  both  saturated  and  superheated  steam.  Discussion 
was  offered  by:  Prof.  Wm.  D.  Ennis,  Sanford  A.  Moss. 

The  last  paper  was  by  H.  V.  Wille,  Philadelphia,  Pa.,  on  A  New 
Departure  in  Flexible  Staybolts.  This  paper  proposed  the  employ- 
ment of  tempered  spring  steel  in  the  manufacture  of  the  stems  of 
staybolts,  the  ends  being  of  soft  steel  so  as  to  permit  riveting  over  in 
the  boiler.     Discussion  by:   Wm.  Elmer,  W.  E.  Hall,  Alfred  Lovell. 

This,  the  last  session  of  the  meeting,  closed  with  the  passing,  unani- 
mously, of  a  resolution  extending  the  thanks  of  the  Society  to  those 
who  had  afforded  so  abundant  entertainment  to  their  visitors.  The 
text  of  the  resolution  is  as  follows: 

RESOLUTION    OF    THANKS 

Whereas  The  American  Society  of  Mechanical  Engineers  in  convention 
assembled  at  Washington,  May  4-7,  1909,  desires  to  express  its  appreciation 
of  the  hospitality  extended  to  its  visiting  members  and  friends  by  its  hosts, 
and  to  all  who  by  untiring  efforts  have  made  the  Spring  Meeting  of  1909  so 
extraordinarily  pleasant  and  profitable  an  occasion, 

Be  it  Resolved  That  the  Secretary  be  instructed  to  extend  the  thanks 
of  the  Society  and  to  express  the  profound  appreciation  of  its  members  and 
guests  for  the  hospitality  extended  and  the  entertainment  afforded  through- 
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out  the  convention  by  the  Washington  Society  of  Engineers,  by  Mr.  Walter 
Ashfield  McFarland,  Chairman  of  the  Local  Committee,  by  the  Local  Com- 
mittee itself;  and  to  the  members  of  the  Reception  Committee  for  Tuesday  evening. 

Special  thanks  are  tendered  the  Chairman  of  the  Ladies'  Committee,  Mrs. 
James  I.oring  Lusk,  and  the  members  of  that  Committee  for  their  cordial  enter- 
tainment of  the  visiting  ladies,  and  for  their  share  in  the  social  events  of  the  meeting. 

The  visiting  members  extend  thanks  to  the  President,  Mr.  Taft,  for  his  recep- 
tion of  members  and  guests  at  the  White  House;  to  the  Secretary  of  War,  Mr. 
J.  M.  Dickinson,  for  the  exhibition  drill  of  troops  at  Fort  Myer;  to  Mr. 
Davis  for  his  lecture  on  Home-Making  in  the  Arid  Regions;  to  Rear- Admiral 
Melville  for  his  address  on  The  Engineer  in  the  Navy;  to  the  University 
Club  of  Washington  for  the  use  of  its  club  i-ooms;  to  the  Columbia  Golf  Club; 
and  to  the  Western  Union  Telegraph  Company  for  sending  messages  free  of 
charge. 

The  Secretary  is  authorized  to  extend  this  vote  of  thanks  to  all  others  from 
whom  courtesies  were  received,  including  those  in  charge  of  the  public  and 
private  work?,  which  were  thrown  open  to  the  members  for  inspection 


Entertainment 

During  the  entire  convention  an  information  bureau  was  conducted 
at  the  Society  headquarters  by  Chairman  Walter  A.  McFarland  of 
the  Local  Committee,  where  the  various  excursions  were  organized. 
These  not  only  included  trips  to  the  pubhc  buildings,  but  to  govern- 
ment institutions  and  other  points  of  technical  interest,  among  which 
were  the  Bureau  of  Standards,  the  station  of  the  Potomac  Electric 
Power  Co.,  the  Union  Railway  Terminal,  the  Naval  Gim  Factory, 
the  District  pumping  stations,  etc. 

At  the  ladies'  headquarters  in  the  New  Willard,  tea  was  served  each 
day  from  four  to  six  o'clock  and  the  visiting  ladies  as  well  as  many 
members  of  the  Society,  accepted  the  hospitality  extended  by  the 
ladies  at  this  time.  Sight-seeing  automobile  trips  for  the  ladies  w^ere 
also  arranged  on  each  day,  which  were  largely  patronized  and  greatly 
enjoyed. 

On  Wednesday  afternoon  was  the  excursion  to  Fort  Myer  to  witness 
the  exhibition  drill.  A  large  number  attended  this  outing  and  the 
evolutions  performed  by  the  several  troops  and  the  unusual  skill  of 
both  riders  and  drivers  and  the  thoroughly  trained  horses,  called  forth 
round  after  round  of  applause.  Two  battalions  of  artillery  with  guns 
and  caissons  went  through  evolutions  of  great  complexity.  Two 
troops  of  cavalry  went  through  various  formations,  apparently 
equally  as  difficult,  and  a  troop  of  bare-back  riders  displayed  horse- 
manship that  captivated  the  audience. 
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On  Thursday  afternoon  the  reception  of  members  and  guests  by 
President  Taft  in  the  East  room  of  the  White  House  was  very 
generally  attended. 

On  Friday  afternoon  following  the  professional  session,  many  went 
by  boat  to  Mt.  Vernon  to  visit  the  beautiful  estate  and  home  of 
Washington.  A  wreath  from  the  Society  was  placed  by  Washing- 
ton's tomb,  the  members  grouping  themselves  about  the  entrance  as 
this  was  done  in  recognition  of  the  memory  of  the  first  president  of 
our  country. 

It  was  planned  to  go  by  train  from  Mt.  Vernon  to  Fort  Myer  to 
witness  the  ascension  of  the  dirigible  balloon  located  there,  which 
had  been  filled  and  otherwise  prepared  for  a  trip  to  be  made  on  this 
occasion.  Rainy  weather,  however,  made  it  impossible  to  give  this 
exhibition  and  most  of  the  company  returned  directly  to  the  New 
Willard. 


MEETING  OF  MEMBERS  AND  OTHER  ENGINEERS 
IN  BOSTON 

A  meeting  was  held  in  Boston,  April  16,  1 909,  to  discuss  the  advis- 
ability of  holding  meetings  of  the  Society  in  that  city.  The  Presi- 
dent and  the  Secretary  of  the  Society  attended,  and  there  were 
present  about  160  members  and  guests.  Irving  E.  Moultrop,  Mana- 
ger of  the  Society,  was  elected  temporary  chairman,  and  Ralph  E. 
Curtis,  temporary  secretary  of  the  meeting. 

ADDRESS    BY   THE    PRESIDENT 

Mr.  Smith  made  an  address  in  which  he  gave  assurance  that  the 
Society  is  deeply  interested  in  any  movement  tending  to  bring 
engineers  closer  together  for  their  general  and  individual  good. 
He  spoke  of  the  recent  action  of  the  Council  authorizing  the  Meet- 
ings Committee  to  arrange  for  meetings  in  various  places  upon  the 
same  basis  as  meetings  are  now  held  in  New  York,  and  said  that 
it  is  the  desire  of  the  officers  of  the  Society  that  these  meetings  shall 
be  as  free  and  open  as  is  consistent  with  the  traditions  and  high 
professional  standards  which  the  Society  has  maintained  during  its 
thirty  years'  experience.  To  that  end  specific  rules  for  their  govern- 
ment have  not  been  laid  down.  The  Council  and  Meetings  Committee 
are  disposed  to  meet  this  question  in  the  most  liberal  manner. 

Mr.  Smith  placed  the  emphasis  on  the  holding  of  meetings  of 
the  Society  in  different  cities  rather  than  forming  sections  or  branches; 
also  on  the  advantage  to  members  of  presenting  papers  before  the 
meetings  on  such  a  basis,  and  their  publication  in  the  Journal,  in 
advance,  when  accepted,  making  it  possible  to  have  them  discussed 
in  all  the  cities  where  meetings  are  held.  He  advocated  the  main- 
tenance of  the  solidarity  of  the  membership  of  The  American  Soci- 
ety of  Mechanical  Engineers,  rather  than  encouraging  its  division 
into  sections.  He  thought  Boston  an  ideal  place  in  which  to  inaug- 
urate this  new  movement,  on  account  of  the  large  -number  of  mem- 
bers of  the  Society  in  that  vicinity,  there  being  about  335.  Mr. 
Smith  further  emphasized  the  friendly  spirit  of  cooperation  of  the 
Society  toward  other  engineering  societies;  saying  also  that  engineers 
are  welcome  at  meetings  whether  or  not  they  are  members  of  any 
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society.  He  mentioned  as  being  held  in  particular  esteem  the 
Boston  Society  of  Civil  Engineers  and  said  that  The  American 
Society  of  Mechanical  Engineers  desires  to  work  in  cooperation 
with  that  society. 

ADDRESS    BY    THE    SECRETARY 

Mr.  Rice  said  that  the  call  for  this  meeting,  addressed  to  all  inter- 
ested in  mechanical  engineering,  is  typical  of  all  professional  meet- 
ings of  The  American  Society  of  Mechanical  Engineers.  Wherever 
a  meeting  of  the  Society  is  held,  anyone  interested  in  engineering 
is  welcome.  He  endorsed  all  that  President  Smith  had  said,  and 
added  that  the  opportunity  of  coming  together  for  an  exchange  of 
experiences  and  views  is  essential  to  the  life  and  growth  of  any 
society.  He  said  that  it  has  become  evident  that  two  conven- 
tions a  "year  are  not  sufficient  for  a  national  society  and  it  is  further 
evident  that  the  holding  of  meetings  more  frequently  in  one  place 
does  not  create  a  national  spirit. 

In  regard  to  the  formation  of  separate  societies,  the  Secretary 
said:  When  the  first  engineering  societies  were  formed  there  were 
not  so  many  prominent  specialties  as  at  present,  so  they  constituted 
themselves  civil  engineers,  that  is,  all  engineers  not  military.  Later, 
when  engineers  began  to  specialize,  separate  societies  were  formed, 
so  that  we  now  have  four  large  national  engineering  societies,  and 
many  others,  national  and  local.  He  emphasized  the  main  idea  of 
providing  meetings  of  the  profession  rather  than  multiplying  societies. 
He  thought  that  while  there  is  still  necessity  for  specializing,  it 
could  be  obtained  within  the  societies  already  formed  without  the 
duplication  of  organization  and  expense. 

Mr.  Rice  said  that  the  question  before  the  meeting  was,  how  can 
the  engineering  profession  in  Boston  and  vicinity  best  get  together 
for  common  and  individual  good,  and  stated  that  The  American 
Society  of  Mechanical  Engineers  desires  to  do  what  will  best  serve 
the  profession.  He  expressed  the  hope  that  that  would  be  accom- 
plished by  bringing  together  the  various  organizations  in  a  common 
headquarters  rather  than  by  the  formation  of  a  new  organization. 
One  of  the  important  advantages  of  such  a  course  is  economy.  The 
Society  will  bear  the  essential  costs,  such  as  sending  out  notices,  cost 
of  hall,  printing,  stenographer,  etc.  In  answer  to  a  question  in  regard 
to  the  participation  of  the  students,  the  Secretary  replied:  By  all 
means  include  them,  and  make  them  welcome  at  all  your  meetings. 
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]\Ir.  liice  quoted  fi'oni  Sir  Thomas  Tolfoi-d's  address,  upon  taking 
office  as  the  first  President  of  the  Institution  of  Civil  Engineers: 
"Judicious  reguhitions  are  absohitely  necessary  to  all  societies,  but 
I  trust  that  in  this  tiie  good  sense  of  tlie  members  will  always  prove 
that  manners  and  moral  feeling  are  superior  to  written  laws."  He 
closed  by  declaring  that  cooperation  and  coordination  should  be 
the  motto  of  the  profession. 

GENERAL    DISCUSSION 

Mr.  IMoultrop  agreed  with  the  Secretary  that  there  are  already 
too  many  societies  and  that  it  would  be  both  better  and  cheaper 
to  have  local  meetings  of  national  societies.  He  spoke  specially  of 
the  advantages  of  personally  meeting  other  local  engineers. 

Henry  Bartlett  moved  that  the  members  of  The  American  Society 
of  Mechanical  Engineers  of  Boston  and  vicinity  hold  local  meetings 
and  that  a  committee  of  arrangements  get  into  communication 
with  the  ^Meetings  Committee  of  the  Society.  The  motion  was 
seconded  and  passed. 

Mr.  Bryant,  Vice-President  of  the  Boston  Society  of  Engineers, 
although  he  declared  that  he  was  not  speaking  officially,  felt  certain 
that  local  meetings  of  The  American  Society  of  Mechanical  Engineers 
in  Boston  cnuld  count  upon  the  cooperation  of  the  Boston  Society 
of  Civil  Engineers. 

James  D.  Andrew  moved  that  the  present  committee  of  the  Boston 
Society  of  Civil  Engineers,  composed  of  Messrs.  Hollis,  Miller, 
Main,  Libbey  and  Moultrop,  being  also  members  of  The  American 
Society  of  Mechanical  Engineers,  be  appointed  to  conduct  the  pro- 
posed meetings.    The  motion  was  unaninTOusly  adopted. 

Fred  R.  Low,  Chairman  of  the  Gas  Power  Section,  spoke  favor- 
ing the  scheme  of  monthly  meetings  as  being  freer  in  discussion  and 
affording  an  opportunity  for  engineers  to  meet  each  other  personally. 

Paul  Winsor,  Superintendent  of  Motive  Power  and  Machinery  of  the 
Boston  Elevated  Railroad,  expressed  his  interest  in  the  formation 
of  an  organization  in  Boston. 

Prof.  W.  W.  Bird  said  that  the  Worcester  Polytechnic  would  do 
everything  possible  to  help  local  meetings  in  Boston. 

Prof.  Geo.  F.  Swain  expressed  his  pleasure  in  the  plan  of  holding 
meetings  in  Boston  as  a  means  of  improving  the  standing  of  the 
profession  and  of  making  the  profession  a  force  in  the  community. 

Prof.  L.  S.  Marks  thought  there  could  be  no   doubt    about  the 
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desirability  of  having  local  meetings,  and  heartily  approved  of  the 
broad  lines  on  which  the  organization  is  being  formed,  which  wel- 
comes engineers  of  all  grades  of  experience.  He  said  that  the  students 
would  be  greatly  stimulated  by  the  opportunities,  and  their  inter- 
est and  enthusiasm  may  help  the  older  members. 

Prof.  D.  C.  Jackson  said  he  was  certain,  from  his  experience  in 
the  Western  Society  of  Engineers  in  Chicago,  that  meetings  of  a 
national  society  only  strengthen  the  local  societies. 

Prof.  Gardner  C.  Anthony  said  he  would  welcome  most  heartily 
any  such  organization  as  this,  as  a  means  of  promoting  the  personal 
acquaintance  of  members.  He  also  spoke  of  the  influence  of  students 
and  the  desirability  of  interesting  them  while  they  are  in  college. 
He  said  that  Tufts  College  would  cooperate  to  promote  the  interests 
of  the  Society  wherever  possible. 

Francis  W.  Dean  suggested  that  members  in  Boston  would  have 
to  write  papers,  in  order  to  keep  the  meetings  alive. 

E.  G.  Bailey  spoke  in  favor  of  securing  practical  papers,  as  opposed 
to  theoretical,  and  favored  the  scrutiny  of  the  papers  to  be  presented, 
by  some  committee  capable  of  deciding  what  would  be  interesting 
to  members  in  Boston. 

Professor  I;anza  spoke  briefly  saying  that  there  are  enough  mechan- 
ical engineers  in  Boston  to  keep  the  meetings  alive  if  they  keep 
the  proper  stimulus.  He  thought  there  would  be  no  interfer- 
ence between  the  Boston  Society  of  Civil  Engineers  and  the  meet- 
ings of  The  American  Society  of  Mechanical  Engineers. 


COMMUNICATION   FROM   THE   CHAIRMAN   OF 
THE  MEETINGS  COMMITTEE 

The  attention  of  the  members  of  the  Society  is  especially  called 
to  a  resolution  that  was  recently  passed  by  the  Meetings  Committee 
and  approved,  with  slight  modifications,  by  the  Council,  as  follows: 

Resolved:  That  the  Meetings  Committee  may,  subject  to  the  approval  of  the 
Council,  arrange,  authorize  and  discontinue,  as  in  the  judgment  of  the  Meetings 
Committee  may  be  for  the  best  interests  of  the  Society,  with  members  of  the  Society 
residing  in  places  other  than  New  York,  for  the  holding  of  meetings  in  such 
places,  as  is  now  done  monthly  [in  New  York,  for  the  presentation  and  discus- 
sion of  such  papers  as  may  have  been  previously  accepted  by  the  Meetings 
Committee.  The  proceedings  of  such  meetings  to  be  reported  stenograph- 
ically,  transcribed  and  sent  promptly  to  the  Meetings  Committee.  The  expenses 
of  such  meetings  to  be  defrayed  by  the  Society  on  a  basis  prearranged  with  the 
Meetings  Committee;  such  expenses  to  be  under  the  control  of  the  Executive  Com- 
mittee of  the  Council  for  approval  in  general,  before  such  expenses  are  incurred. 

The  monthly  meetings  of  the  Society  that  have,  for  the  past  few 
years,  been  held  in  New  York,  have  been  very  successful.  They 
are  usually  informal  and  there  is  sufficient  time  to  permit  of  a 
thorough  discussion  of  the  papers  submitted  by  the  members  present. 
This  feature  has  been  so  pronounced  that  the  Meetings  Committee 
has  recognized  the  desirabihty,  for  this  and  other  reasons,  of  reduc- 
ing the  number  of  papers  assigned  to  the  professional  sessions  at 
the  Spring  and  Annual  Meetings  to  permit  of  their  more  thorough 
discussion. 

Previous  to  the  adoption  of  the  above  resolution,  monthly  meet- 
ings of  the  Society  at  the  headquarters  in  New  York  were  the  only 
ones  authorized  by  the  Council.  But  with  an  association  extending 
over  so  large  a  geographical  area  as  that  covered  by  The  American 
Society  of  Mechanical  Engineers,  the  accessibility,  and  therefore  the 
attendance  at  the  meetings,  has  been  practically  restricted  to  those 
members  residing  in  or  adjacent  to  New  York,  which  area  contains 
less  than  23  per  cent  of  the  total  membership  of  the  Society. 

It  was,  therefore,  with  the  object  of  extending  this  privilege,  in 
so  far  as  the  funds  of  the  Society  will  permit,  that  the  aforesaid 
resolution  of  the  Meetings  Committee  was  presented. 
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The  resolution  carries  with  it  the  distinct  understanding  that 
such  meetings,  wlieresoever  held,  are  meetings  of  the  Society  and 
not  of  branches  nor  sections.  They  are  to  be  conducted  under  the 
same  privileges  and  restrictions,  no  more  and  no  less,  than  those 
governing  the  meetings  held  in  New  York.  It  is  not  essential  that 
such  meetings  be  held  monthly.  The  number  of  meetings  to  be  held 
during  a  season  would  depend  on  local  conditions,  and  to  this  end 
the  Council  and  Meetings  Committee  would  be  more  or  less  guided 
by  the  recommendation  of  the  local  members. 

The  sentiment  that  prompted  the  resolution  was  that  geograph- 
ical location  of  membership  was  a  mere  incident,  and  in  view  of 
the  success  of  the  monthly  meetings  held  in  New  York  there  is  no 
reason  why  the  same  opportunity  should  not  be  extended  to  all 
localities  where  the  number  of  members  adjacent  thereto  would 
warrant.  With  the  object  of  meeting  any  and  all  local  conditions 
that  may  arise,  the  resolution  was  made  broad  and  liberal. 

By  reference  to  the  Constitution  and  By-Laws  of  the  Society  it 
will  be  seen  that  the  restrictions  placed  upon  the  conduct  of  such 
meetings  as  are  covered  by  the  resolution  are  exactly  the  same  as 
those  governing  all  meetings  of  the  Society.  These  rules  of  procedure 
are  the  outgrowth  of  many  years  of  experience,  and  are  only  such 
as  have  been  found  necessary  to  safeguard  the  high  professional 
standing  and  traditions  of  the  Society.  Their  enforcement  is 
under  the  guidance  of  officers  selected  from  and  representing  the 
Society  at  large. 

From  the  scope  of  the  resolution  it  will,  therefore,  be  seen  that 
the  opportunity  to  hold  meetings  in  any  locality  is  extended  to  the 
members  therein,  but  that  it  is  not  intended  that  such  meetings 
must  necessarily  be  held  monthly;  nor  even  simultaneously  with 
those  held  in  New  York;  nor  that  the  same  papers  be  necessarily 
discussed  at  all  the  meetings.  No  further  organization  is  required 
than  a  Chairman  and  Secretary  selected  from  among  the  local  mem- 
bers. They  will  request  the  Meetings  Committee  of  the  Society  to 
hold  meetings,  stating  at  the  time  the  number  of  meetings  that  it 
is  considered  can  be  advantageously  held  during  a.  season,  and 
give  an  estimate  of  the  cost  of  such  meetings.  The  movement 
is  not  intended  to  conflict  with  any  local  engineering  association 
that  may  exist,  but,  on  the  contrary,  to  cooperate  with  such  organi- 
zation by  extending  invitations  to  its  members  to  attend  the  meet- 
ings of  the  Society,  and  in  any  other  way  consistent  with  the  rules 
of  the  Society.    No  doubt  cases  will  arise,  when  the  Meetings  Com- 
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mittee  will  be  ready  to  delegate  to  two  or  more  local  members 
authority  to  act  relative  to  the  acceptance  of  papers  submitted  for 
presentation  at  the  meeting. 

It  is  the  desire  and  wish  of  the  officers  and  the  Meetings  Committee 
to  assist  the  members  of  any  locality  in  the  organization  and  con- 
duct of  any  meetings  they  may  wish  to  hold.  To  this  end,  any 
members  desiring  meetings  should  unhesitatingly  communicate  with 
the  Secretary  relative  to  any  doubtful  features  that  may  have  arisen. 

The  movement  inaugurated  by  the  resolution  should  be  of  great 
benefit  to  the  members.  It  should  bring  out  much  excellent  material 
that  is  now  dormant  and  add  much  valuable  discussion,  the  best 
of  our  contributions,  for  use  in  The  Journal  and  the  Transactions. 
It  permits  the  simultaneous  consideration  of  the  same  paper  at 
two  or  more  points,  and  doubtless  there  would  be  occasions  when 
the  Meetings  Committee  would  wish  to  have  simultaneous  dis- 
cussion of  papers  that  may  have  been  arranged  to  be  presented  at 
some  other  meeting  place. 

It  is  believed  that  the  spirit  of  the  resolution  carried  out  in  its 
entirety  will  bring  the  members  more  closely  together,  both  pro- 
fessionally and  socially,  than  any  movement  that  has  ever  been 
inaugurated,  and  in  that  way  give  the  Society  an  impetus  for  much 
and  lasting  good. 


REPORT  OF  ADVISORY  COMMITTEE  ON  FUELS  AND 
STRUCTURAL  MATERIALS 

The  representatives  of  the  Society  on  the  Government  Advisory 
Board  on  Fuels  and  Structural  Materials  presented  a  report  to  the 
Council  at  its  meeting,  May  4,  concerning  the  work  of  the  board. 
An  abstract  is  here  given  and  the  complete  report  is  on  file  in  the 
Secretary's  office,  where  it  may  be  consulted. 

ABSTRACT 

Congress  made  provision  in  1905  "for  analyzing  and  testing  at 
the  Louisiana  Purchase  Exposition  the  coals  and  lignites  of  the 
United  States,  in  order  to  determine  their  fuel  value  and  the  most 
economic  methods  for  their  utilization  for  different  purposes,  under 
the  supervision  of  the  Director  of  the  U.  S.  Geological  Survey." 
For  this  work  $60,000  was  appropriated. 

It  was  provided  that  all  testing  machinery  and  'all  \  coals  and 
lignites  tested  should  be  contributed  without  charge  to  the  Govern- 
ment. The  Director  of  the  Survey  appointed  a  committee  of  three 
from  his  staff  to  have  charge  of  the  work,  and  they,  in  turn,  appointed 
experts,  in  several  cases  members  of  The  American  Society  of 
Mechanical  Engineers,  each  one  of  whom  was  given  charge  of  some 
specific  phkse  of  the  whole  work. 

The  conditions  incident  to  a  great  exposition  were  not  favorable 
for  scientific  work,  but  the  value  of  the  results  accomplished  is 
indicated  by  the  reports  issued  upon  field  work,  the  classification 
of  coals,  chemical  analysis  of  fuels,  and  investigations  concerning 
producer  gas,  coking,  briquetting  and  the  washing  of  fuels. 

Later,  Congress  made  appropriations  for  continuing  the  work 
another  year.  At  this  time  the  President  of  the  United  States 
requested  a  number  of  civilian  engineers,  representing  prominent 
societies,  among  which  was  The  American  Society  of  [Mechanical 
Engineers,  to  form  a  board  to  assist  the  Government  in  an  advisory 
capacity  in  the  work  of  testing  fuels  and  structural  materials. 

Organization  was  effected  at  the  first  meeting  of  the  advisory 
board  and  there  have  been  two  subsequent  meetings,  one  at  James- 
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town  in  1907,  and  the  other  in  Pillsbury  in  1908.  Committees  of 
the  full  board  have  held  meetings  at  various  times  for  the  discussion 
of  special  problems.  In  all  that  has  been  done,  the  representatives 
of  The  American  Society  of  Mechanical  Engineers  have  had  their  full 
share. 

For  the  fiscal  years  ending  June,  1907  and  1908,  Congress  made 
specific  appropriations  for  testing  fuels  and  for  testing  structural 
materials.  For  1908  the  sum  of  $250,000  was  appropriated  for 
fuels  and  S100,000  for  structural  materials.  For  the  year  ending 
June  1909,  a  smaller  appropriation  was  made  for  fuels  and  structural 
materials  and  one  of  $125,000  was  added  for  investigations  of  mine 
explosions.  The  work  in  testing  structural  materials  has  been 
differentiated.  In  the  fuel  investigations  coals  from  hundreds  of 
mines  have  been  analyzed,  subjected  to  calorimeter  tests,  tested 
under  boilers,  tested  in  gas  producers,  and  sometimes  tested  to 
determine  their  coking  properties. 

A  study  of  mine  wastes  and  of  problems  involved  in  the  utilization 
of  inferior  grades  of  coal  has  been  going  on  continuously,  and  the 
value  of  the  briquetting  process  as  applied  to  the  lignite  beds  .and 
to  the  fine  coals  and  older  coal  fields  has  received  due  attention. 

Attention  is  now  being  given  to  the  fundamental  probleni  of 
combustion,  to  the  study  of  flame  ways,  and  to  the  temperature  and 
composition  of  gases  therein,  and  to  the  effect  of  baffling  upon 
the  room  required  by  flames  for  satisfactory  combustion;  all  as 
developed  from  typical  fuels.  The  investigations  concerning  mine 
explosions  have  been  demonstrative  rather  than  investigational  and 
have  been  of  great  importance.  As  a  result  of  work  along  these 
several  lines,  30  articles  have  been  published  or  are  being  prepared. 
Laboratories  have  been  established  at  Pittsburg  which  promise  to 
be  permanent.  A  bill  is  now  before  Congress  authorizing  the  estab- 
lishment of  a  Bureau  of  Mines  which  is  designed  to  give  the  work  of 
testing  fuels  and  structural  materials  a  more  substantial  organic 
setting  and  to  insure  it  permanent  means  of  support. 


MEETING  OF  THE  COUNCIL 

At  the  meeting  of  the  Council,  May  4,  1909,  there  were  present 
Messrs.  Bond,  Gantt,  Hunt,  Hutton,  Miller,  Smith,  Swasey,  Wiley,  the 
Secretary  and  J.  W.  Lieb,  Chairman  of  the  Library  Committee. 

The  appointment  of  the  Nominating  Committee  was  announced: 
Worcester  R.  Warner,  Cleveland,  Chairman;  Walter  M.  McFarland, 
Pittsburg;  Morgan  Brooks,  Urbana,  111.;  David  Townsend,  Phila- 
delphia; Francis  W.  Dean,  Boston. 

The  appointment  of  the  Committee  on  Power  Tests  was  announced: 
Edward  T.  Adams,  Geo.  H.  Barrus,  L.  P.  Breckenridge,  D.  S.  Jaco- 
bus, WilHam  Kent,  Chas.  E.  Lucke,  Edw.  F.  Miller,  Arthur  West, 
Albert  C.  Wood. 

Voted:  To  receive  and  place  on  file  the  report  to  the  Council 
by  W.  F.  M.  Goss,  George  H.  Barrus  and  P.  W.  Gates,  members 
of  the  Government  Advisory  Board  on  Fuels  and  Structural  Mate- 
rials, U.  S.  Geological  Survey. 

Voted:  To  print  an  abstract  in  The  Journal  and  to  state  in  the 
abstract,  that  the  full  report  is  on  file  in  the  office  of  the  Secretary 
for  consultation  by  the  membership. 

Voted:  To  approve  the  report  of  April  13  of  the  Executive  Com- 
mittee, acting  as  a  Committee  on  Standards. 

The  Meetings  Committee  reported  that  a  meeting  of  mechanical 
engineers  residing  near  Boston  was  held  April  13,  and  a  similar 
meeting  of  the  members  in  St.  Louis,  April  10.  The  President  and 
the  Secretary  addressed  the  meeting  in  Boston. 

The  committee  of  arrangements  appointed  by  the  Boston  Societj^ 
of  Civil  Engineers,  who  are  also  members  of  this  Society,  is  as 
follows:  Ira  N.  Hollis,  Chnirman;  Joseph  H.  Libl^ey,  Charles  T. 
Main,  Edward  F.  Miller,  Irving  E.  Moultrop.  These  gentlemen 
were  again  appointed  by  the  meeting  itself  as  a  committee  of  arrange- 
ments for  future  meetings  of  the  Society  in  Boston. 

The  Library  Committee  reported  that  they  had  received  the 
action  of  the  Board  of  Trustees  of  the  United  Engineering  Society, 
on  the  report  of  the  Joint  Library  Conference  Committee,  covering 
the  future  policy  of  the  Library  with  respect  to; 
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a  Gifts  intended  for  the  Library  in  its  broad  and  general 
sense,  as  distinguished  from  gifts  to  the  Library  of  one 
of  the  Founder  Societies. 

b  An  associate  society  which  may  desire  to  have  its  hbrary 
in  whole  or  in  part  placed  in  the  Libraiy  for  public  use, 
under  the  general  control  of  the  Library  administration 
as  a  whole. 

c  Re-arrangement  of  the  libraries  of  the  three  Founder 
Societies  to  bring  them  luider  one  numerical  arrangement. 

d  The  formation  of  a  United  Engineering  Society   Library. 

With  respect  to  the  foregoing  items  the  Committee  recommends 
as  follows: 

a,  h  That  we  receive  the  libraries  of  associate  societies,  pro- 
vided the  books  are  permanently  left  with  the  Library. 

c  That  the  libraries  of  the  three  founder  societies  be  adjusted 
to  bring  them  under  one  numerical  arrangement. 

d  That  the  United  Engineering  Society  Library  be  instituted, 
in  which  this  Societ}^  shall  have  joint  ownership  with 
the  other  Founder  Societies. 

Voted:  To  approve  the  recommendations  of  the  Library  Com- 
mittee. 

Voted:  To  authorize  the  Library  Committee  to  solicit  donations 
for  the  above  library. 

Voted:  That  as  a  general  policy  library  privileges  be  exchanged 
with  sister  societies  and  similar  institutions;  and  it  was  specifically 

Voted:  To  exchange  library  privileges  with  Columbia  University 
in  response  to  their  request  and  the  recommendation  of  the  Library 
Committee  of  the  Society. 

Voted:  That  the  list  of  all  accessions  to  the  libraries  of  each  of 
the  Founder  Societies  and  of  the  United  Engineering  Society  be 
published  regularly  in  The  Journal. 

The  report  of  the  Publication  Committee  was  received  and  the 
Secretary  directed  to  advise  that  committee  of  the  previous  action 
of  the  Council  with  respect  to  the  disposition  of  the  income  derived 
from  advertising. 

The  report  of  the  House  Committee  was  received,  stating  that 
they  had  let  the  contract  for  partitions  and  sliding  doors,  and  for 
the  tinting  of  walls  and  rugs  for  three  rooms,  and  for  furniture  for 
the  hall. 
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The  Council  approved  the  action  of  the  Finance  Committee  agree- 
ing to  an  appropriation  of  $500  for  increase  of  membership,  the 
expenditure  to  be  deferred  until  later  in  the  fiscal  year. 

The  Secretary  read  communications  from  the  Chairman  of  the 
United  States  Delegation  to  the  Pan-American  Scientific  Congress 
in  which  it  was  voted  that  the  delegation  officially  bring  to  the 
attention  of  the  learned  societies  of  national  scope  in  the  United 
States  the  desirability  of  inviting  the  scholars  and  investigators  of 
Latin  America  to  cooperate  with  them. 

Voted:  To  refer  the  above  matter  to  Messrs.  Hunt,  Hutton  and 
Miller  for  consideration  and  report. 


i 


GENERAL  NOTES 

MEETING    OF   THE    SOCIETY   IN    BOSTON,    JUNE    11 

A  meeting  of  the  Society  will  be  held  in  Boston,  June  11,  at  8 
p.  m.,  in  the  Ijowell  Building  of  the  Massachusetts  Institute  of  Tech- 
nology. 

The  meeting  is  called  for  the  reading  and  discussion  of  the  paper 
on  Small  Steam  Turbines,  presented  by  Geo.  A.  Orrok  at  the  Wash- 
ington meeting.  The  manufacturers  of  small  turbines  have  been 
invited  to  attend.  The  meeting  is  open  to  all  interested  in  engineer- 
ing and  students  are  specially  welcome. 

This  meeting  is  in  harmony  with  the  new  policy  of  holding  meet- 
ings of  the  Society  in  different  cities,  which  the  Chairman  of  the 
Meetings  Committee,  W.  E.'  Hall,  describes  in  this  issue.  The  papers 
published  in  The  Journal  will  be  more  \videly  discussed  when  com- 
ing up  before  meetings  in  different  parts  of  the  country  and  the 
readers  of  The  Journal  at  large  will  receive  the  benefit. 

THE    STEVENS    INSTITUTE    BRANCH 

The  Stevens  Engineering  Society,  affiliated  with  The  American 
Society  of  Mechanical  Engineers,  listened  to  an  account  of  extensive 
visits  to  various  automobile  factories,  from  Prof.  F.  De  R.  Furman, 
Professor  of  Kinetics  and  Machine  Design,  on  March  4.  A  week 
later,  Prof.  L.  A.  Martin,  head  of  the  Mechanics  Department  gave 
a  lecture  on  Centripetal  and  Centrifugal  Force.  He  dwelt  partic- 
ularly on  D'Alembert's  principle  and  its  applications,  and  explained 
the  need  for  flexible  shafts  in  high-speed  turbines.  On  March  18 
a  lecture  on  Conservation  was  delivered  by  H.  S.  Putnam,  who, 
was  one  of  the  speakers  at  the  National  Conference  of  Governors. 
The  subject  of  Aeronautics  has  been  taken  up  by  the  Branch,  and 
on  March  23,  Messrs.  Armstrong,  '09,  and  Upson,  '10,  told  of  their 
experiments  with  aeroplanes.  The  Branch  visited  the  Morris  Park 
racetrack  to  witness  some  demonstrations  of  flight  by  M.  Triaca, 
of  the  New  York  Aeronautic  Society.  Several  new  members  have 
been  received. 
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A  lecture  on  Wireless  Telegraphy  was  given  by  Fred.  K.  Vreeland, 
of  the  Electrical  Testing  Laboratories,  New  York,  on  April  15.  He 
explained  the  elementary  principles  of  wireless  telegraphy,  and  made 
some  interesting  experiments. 

Dr.  Geo,  V.  Wendell,  of  the  Institute,  delivered  a  lecture,  April 
22,  on  Radiation  and  Optical  Pyrometry,  in  which  he,  explained 
the  "black  body,"  and  the  different  classes  into  which  ether-vibrations 
are  divided.  An  inspection  trip  was  made  to  plants  in  Newark. 
The  following  officers  for  the  year  were  elected:  H.  H.  Haynes, 
President,  J.  S.  Ware,  Vice-President;  R.  H.  Upson,  Secretary;  E. 
T.  P.  Greenidge,  Treasurer. 

STUDENT  BRANCH  AT  LELAND  STANFORD 

The  mechanical  engineering  students  of  Leland  Stanford  Uni- 
versity have  organized  a  student  branch  of  The  American  Society 
of  Mechanical  Engineers  under  the  name  of  the  Stanford  Mechanical 
Engineering  Association.  Its  object  is  to  further  an  interest  in 
professional  work  and  to  promote  good  fellowship  among  its  members. 

The  branch  has  organized  with  three  classes  of  members,  active, 
associate,  and  honorary.  Active  members  may  consist  of  juniors, 
seniors,  graduates  and  others.  Juniors,  seniors  and  graduate  students 
may  be  elected  to  membership  by  a  §  vote  of  the  association; 
sophomores  may  be  elected  by  unanimous  vote  of  the  active  mem- 
bership. Honorary  and  associate  members  are  exempt  from  dues. 
The  student  officers  shall  consist  of  a  chairman,  a  vice-chairman  and 
a  secretary-treasurer.  The  honorary  chairman  shall  be  ex-officio 
a  member  of  the  governing  committee. 

The  Section  has  elected  Professor  W.  F.  Durand,  Mem.  Am.  Soc. 
M.  E.,  Honorary  Chairman,  P.  H.  Van  Elton,  Chairman,  A.  C.  Coon- 
vadt,  Vice-Chairman,  and  Henry  L.  Hess,  Secretary  and  Treasurer. 

ACTIVITIES    OF    THE    STUDENT    BRANCH    AT    PURDUE    UNIVERSITY 

The  Mechanical  Engineering  Society  of  Purdue  University,  affili- 
ated with  The  American  Society  of  Mechanical  Elngineers,  held  a 
meeting  at  the  University,  Lafayette,  Ind.,  April  14.  The  meeting 
was  addressed  by  L.  V.  Ludy,  Mem.  Am.  Soc.  M.  E.,  Professor  of 
Mechanical  Engineering  of  the  University.  The  subject  of  his 
addi'ess  was  Laboratory  Tests  of  Automobiles. 

At  the  meeting  of  the  Branch  April  26,  Theodore  Weinshank, 
Mem.  Am.  Soc.  M.  E.,  of  Indianapolis,  delivered  a  lecture  on  the 


SOCIETY    AFFAIRS  27 

Heating  of  Feed  Water  for  Boiler  Purposes.     It  was  illustrated  by 
lantern  slides,  showing  various  heaters  and  ])urifiers. 

THE    PURDUE    UNIVERSITY    BRANCH 

The  Purdue  Mechanical  Engineering  Society,  affiliated  with  The 
American  Society  of  Mechanical  Engineers,  held  the  final  meeting 
of  the  year  on  Mny  5,  at  which  the  following  officers  were  elected 
for  the  first  semester  of  next  year:  E.  T.  Ivirk,  President;  T.  J.  Kel- 
ley,  Vice-President;  VV.  P.  Domes,  Recording  Secretary;  J.  R. 
Jackson,  Corresponding  Secretary;  Members  of  the  Governing  Board: 
L.  V.  Ludy,  Honorary  Chairman,  C.  0.  Witt,  C.  0.  Luhn. 

UNION    CATALOGUE    FOR   THE    LIBRARY 

The  work  of  making  a  union  catalogue  of  the  books  in  the  three 
libraries  comprising  the  Library  of  the  Engineering  Societies  was 
begun  September  1,  1908.  A  card  catalogue  of  subjects  was  com- 
pleted early  in  May  and  the  card  catalogue  of  authors  will  soon  be 
finished.  By  this  combined  catalogue,  which  is  placed  in  a  handsome 
cabinet  recently  purchased  by  the  Library  Committee,  the  resources 
of  the  library  will  be  made  much  more  readily  available  to  patrons. 

In  addition  to  this  catalogue,  an  index  to  the  contents  of  all  cur- 
rent technical  publications  in  the  library  will  be  kept  on  file.  The 
trade  catalogues  have  also  been  indexed  by  subjects  and  firms. 
The  catalogues  are  kept  in  a  vertical  file  attached  to  the  cataloging 
cabinet,  and  are  readily  accessible  to  all  persons  using  the  library. 

Another  convenience  recently  added  to  the  library  is  an  alpha- 
betical list,  which  has  been  printed  and  framed,  of  all  current  period- 
icals on  the  shelves. 

HONORARY    VICE-PRESIDENTS  OF    THE    SOCIETY 

The  President,  Jesse  ]\L  Smith,  of  New  York,  will  represent  the 
Society  at  the  commencement  exercises  at  Columbia  University. 

Worcester  R.  Warner,  Mem.  Am.  Soc.  M.  E.,  and  Calvin  W.  Rice, 
Secretary  Am.  Soc.  M.  E.,  are  appointed  honorary  vice-presidents 
to  represent  the  Society  at  the  inauguration  of  Richard  Cockburn 
Maclaurin,  M.A.,  LL.D.,  Sc.D.,  as  President  of  the  Massachusetts 
Institute  of  Technology. 
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ARTICLE  ON  THE  PANAMA  CANAL  BY  PAST-PRESIDENT  JOHN  R.  FREEMAN 

John  R.  Freeman,  Past-President,  Am.  Soc.  M.  E.,  who  accom- 
panied Mr.  Taft  to  Panama  as  one  of  the  board  of  advisory  engi- 
neers appointed  by  President  Roosevelt,  has  contributed  an  article 
to  the  Outlook  (April  24)  on  The  Problem  of  the  Panama  Canal. 
An  editorial  in  the  Outlook  of  tUs  issue  says  of  Mr.  Freeman: 

Mr.  John  R.  Freeman  is  one  of  the  most  distinguished  of  contemporary 
hydraulic  engineers.  He  is  a  graduate  of  the  Massachusetts  Institute  of  Tech- 
nology, and  has  been  engaged  in  many  great  water-power  enterprises,  both 
private  and  pubhc.  He  has  been  a  consulting  engineer  to  the  Panama  Canal 
Commission  and  to  the  Board  of  Water  Supply  which  is  building  the  great 
Catskill  Aqueduct.  The  opinion  of  no  engineer  in  this  country  will  be  treated 
with  greater  respect  on  the  question  of  canal  locks  and  dams,  by  professional 
colleagues,  than  that  of  Mr.  Freeman.  He  was  one  of  the  special  board  appointed 
by  Mr.  Roosevelt  last  winter  to  visit  Panama  and  report  on  the  stability  of 
the  Gatun  Dam. 

TECHNOLOGY  DINNER  10   PROFESSOR  SWAIN 

Former  students  of  the  Massachusetts  Institute  of  Technology 
joined  in  a  complimentary  dinner  to  Professor  George  F.  Swain,  Mem. 
Am.  Soc.  M.  E.,  at  Boston,  on  the  evening  of  April  30.  Professor 
Swain,  who  leaves  the  Institute  shortly  to  become  Professor  of  Civil 
Engineering  at  the  new  Graduate  School  of  Applied  Science  at 
Harvard  University,  has  been  on  the  faculty  of  the  Institute  con- 
tinuously for  28  years,  beginning  in  1881  as  instructor.  In  that 
time  he  has  earned,  to  an  unusual  degree,  the  esteem  and  affection 
of  all  who  studied  under  him,  and  the  dinner  was  an  expression  of 
this  appreciation.  Some  seventy-five  men  gathered  around  the 
tables. 

Addresses  by  prominent  graduates  of  the  Institute  told  of  the 
sentiments  of  Professor  Swain's  fellow-students  and  pupils  toward 
him.  The  speakers  included:  the  toastmaster,  J.  Waldo  Smith,  Mem. 
Am.  Soc.  M.  E.;  Charles  A.  Stone;  Prof.  Alfred  E.  Burton;  Chas. 
T.  Main,  Mem.  Am.  Soc.  M.  E.;  Geo.  W.  Kittredge;  Prof.  Wm. 
Z.  Ripley  of  Harvard  University;  Prof.  Chas.  M.  Spofford,  who  is 
to  succeed  Professor  Swain  at  the  Institute;  Frank  L.  Locke;  and 
Professor  Swain. 

UNIVERSITY    OF    UTAH 

The  State  School  of  Mines  at  the  University  of  Utah  has  installed 
a  road-testing  laboratory  as  a  part  of  the  regular  testing  laboratory 
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in  the  department  of  mechanical  engineering.  The  latest  bulletin 
from  the  school,  which  was  prepared  by  E.  H.  Beckstrand,  Professor 
of  Mechanical  Engineering,  Mem.  Am.  Soc.  M.  E.  and  member  of 
the  American  Society  for  Testing  Materials,  states  that  a  series  of 
tests  were  made  on  macadam  rock  found  near  Salt  Lake  City  to 
determine  its  value  for  road-making.  Samples  from  twenty-seven 
different  quarries  were  tested  for  coefficiency  of  wear,  for  toughness, 
for  recementing,  value  of  rock  dust  and  weathering.  Limestones, 
granites  and  several  other  kinds  of  rock  were  among. the  materials 
tested.  The  Bulletin  published  by  the  University  gives  the  results 
of  these  tests. 

NORTHWESTERN    UNIVERSITY    ENGINEERING    BUILDING 

The  new  Swift  Hall  of  Engineering  of  the  Northwestern  University, 
Evanston,  111.,  was  formally  dedicated,  May  7,  in  the  presence  of  a 
large  number  of  distinguished  engineers.  Following  the  introduc- 
tory remarks  of  Pres.  Abram  W.  Harris,  an  address  on  The  New 
College  of  Engineering,  an  Opportunity,  was  delivered  by  John 
Fillmore  Hayforcl,  Director  of  the  College  of  Engineering.  The 
Need  for  a  Broader  and  More  Thorough  Training  for  Engineers  was 
the  subject  of  the  dedicatory  address,  which  was  delivered  by 
Charles  Whiting  Baker,  Mem.  Am.  Soc.  M.  E. 

THE    ADELSKJOLD    MEDAL    CONFERRED    ON    THOMAS    A,    EDISON 

The  Adelskjold  medal,  awarded  by  tbe  Kungliga  Vetenskaps 
Akademien  (Royal  Academy  of  Sciences  of  Sweden)  has  been  con- 
ferred upon  Thomas  A.  Edison,  Hon.  Mem.  Am.  Soc.  M.  E.,  ''for 
valuable  work  and  discoveries  in  useful  sciences. " 

Mr.  Edison  is  the  first  recipient  of  this  medal,  which  was  established 
from  a  fund  donated  by  the  late  Major  Adelskjold,  who,  previous  to 
his  death  about  two  years  ago,  was  a  prominent  member  of  the 
"department  of  roads  and  water  structures"  of  Sweden  and  was 
associated  with  important  railroad  enterprises. 


OTHER    SOCIETIES 

NEW    YORK    ELECTRICAL    SOCIETY 

A  meeting  of  the  New  York  Electrical  Society  was  held  April  21 
in  New  York,  at  which  A.  C.  Eastwood  lectured  on  Some  Labor- 
Saving  Uses  of  Electric  Power  in  the  Manufactm*e  of  Iron  and  Steel. 
The  lecturer  gave  particular  attention  to  the  economy  and  increase 
of  output  attending  the  substitution  of  electricity  for  steam  in  the 
operation  of  steel  mills  and  described  numerous  devices  recently 
developed  for  use  in  refining  and  finishing  processes. 

TECHNICAL   SOCIETY    OF    BROOKLYN 

At  the  April  16  meeting  of  the  Technical  Society  of  Brooklyn, 
in  Arion  Hall,  Dr.  L.  H.  Friedburg,  of  the  College  of  the  City  of  New 
York,  presented  a  paper  on  Photography  in  Colors.  The  speaker 
demonstrated  the  different  experiments  and  results  achieved  in  this 
field  from  the  time  of  Sennebier  in  1775  to  Joly  and  Lumiere  of  the 
present  time,  showing  beautiful  reproductions  of  color-effects  in 
flowers,  fruits  and  other  objects. 

WIRELESS    INSTITUTE 

The'  second  regular  meeting  of  the  Wireless  Institute  was  held  in 
the  Engineering  Societies  Building,  New  York,  April  7,  1909.  Robert 
H.  Marriott,  President  of  the  Institute,  presented  a  paper  in  which 
he  set  forth  the  formation,  object  and  history  of  the  organization. 
The  paper  also  included  a  list  of  subjects  on  which  valuable  papers 
could  be  written.  Ralph  W.  Pope,  Secretary  of  the  American  Insti- 
tute of  Electrical  Engineers,  also  addressed  the  nleeting. 

MISSOURI    ELECTRIC,    GAS,    STREET    RAILW^AY    AND    WATERWORKS 

ASSOCIATION 

The  annual  convention  of  the  Missouri  Electric  Light,  Gas  and 
Street  Railway  Association  was  held  April  15,  16,  and  17,  at  the 
Colonial  Hotel,  Springfield,  Mo.     The  address  of  welcome  was  read 
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by  Mayor  Ei'iist  of  S])rnigfi(>I(l.     Several  papers  were  presented  for 
discussion. 

Officers  were  elected,  as  follows:  Presitlent,  W.  "A.  Bixby;  First 
Vice-President,  R.  J.  Irvine;  Second  Vice-President,  F.  E.  Murray; 
Third  Vice-President,  P.  A.  Bertrand;  Secretary  and  Treasurer,  C. 
L.  Clary.  The  constitution  was  amended,  changing  the  name  of 
the  association  to  the  INlissouri  Electric,  Gas,  Street  Railway  and 
Waterworks  Association.  The  next  meeting  will  be  held  in  Jefferson 
City.  April  14-16,  1910. 

NATIONAL    ASSOCIATION    OF    COTTON    MANUFACTURERS 

The  annual  meeting  of  the  National  Association  of  Cotton  Manu- 
facturers was  held  in  Mechanics'  Fair  Building,  Boston,  Mass.,  April 
28  and  29.  Among  the  papers  were  the  following:  Improvements 
in  Lighting  Large  Textile  Areas  with  High  Efficiency  Units,  A. 
Thatcher  Holbrook;  Transportation  for  Mill  Yards,  Day  Baker;  The 
Care  of  Commutators,  T.  E.  Chappel. 

The  following  officers  were  elected:  President,  Charles  T.  Plunkett, 
Mem.  Am.  Soc.  M.  E.;  Vice-Presidents,  G.  Otis  Draper,  Franklin  W. 
Hobbs;  Directors  for  three  years,  George  P.  Grant,  Jr.,  Edwin  Farn- 
ham  Greene  and  David  S.  Johnson.  C.  J.  H.  Woodbury,  Mem. 
Am.  Soc.  M.  E.,  was  reelected  Secretary  and  Treasurer. 

NEW    ENGLAND    RAILROAD    CLUB 

The  regular  meeting  of  the  New  England  Railroad  Club  was 
held  May  11  at  Hotel  Somerset,  Boston,  Mass.  Charles  J.  Glidden 
gave  an  illustrated  travelogue  on  The  World  and  its  People  as  Seen 
from  a  Motor  Car,  with  stereopticon  views.  The  lecture  was  pre- 
ceded by  a  brief  paper,  with  views,  on  The  A  B  C  of  Ballooning. 
Mr.  Glidden  is  an  international  balloon  pilot,  holding  pilot  certifi- 
cates for  America  and  France. 

PROVIDENCE    ASSOCIATION    OF    MECHANICAL    ENGINEERS 

On  Tuesday  evening,  April  27,  J.  Ansel  Brooks,  Jun.  Am.  Soc 
M.  E.,  Assistant  Professor  of  Mechanics  in  Brown  University,  deliv- 
ered the  monthly  lecture  before  the  Providence  Association  of 
Mechanical  Engineers  on  the  subject  of  Aerial  Navigation.  The 
speaker  confined  most  of  his  remarks  to  aeroplanes.  Recent  for- 
mulae giving  the  relation  between  the  center  of  gravity  and  the  center 
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of  pressure  were  discussed.  The  j)aper  was  followed  by  a  smoker 
and  general  discussion,  and  a  business  meeting. 

The  subject  of  the  lecture  of  May  25  in  Alfredian  Hall,  was 
Gauges  and  Indicators. 

INTERNATIONAL    ASSOCIATION    FOR    TESTING    MATERIALS 

The  fifth  congress  of  the  International  Association  for  Testing 
Materials  will  be  held  in  Copenhagen,  September  7-11.  A  lai'ge 
number  of  papers  will  be  read  and  discussed,  and  arrangements 
are  being  made  for  visits  and  excursions  to  places  of  interest. 

AMERICAN    SOCIETY    OF    ENGINEERING    CONTRACTORS 

On  April  14  and  15  the  American  Society  of  Engineering  Contract- 
ors held  a  meeting  in  the  Engineering  Societies  Building,  New 
York.  A  constitution  was  adopted  and  officers  and  directors 
elected.  The  object  of  the  society  is  the  advancement  of  engi- 
neering knowledge  and  contracting  practice,  the  maintenance  of  a 
high  professional  standard  among  its  members,  and  the  elimination 
of  those  pi'actices  and  abuses  that  now  exist  in  the  engineering  and 
contracting  business;  and  to  strengethen  the  bond  between  engineers 
and  contractors.  Officers  for  the  first  year  wei'e  elected  as  follows: 
President,  George  W.  Jackson,  Chicago,  111.;  First  Vice-President, 
Halbert  P.  CUllette,  New  York;  Second  Vice-President,  F.  Baxter,  New 
Yoi'k;  temporary  Secretary,  Daniel  .1.  Bauer,  New  York.  The  soci- 
ety will  l)egin  holding  monthly  meetings  in  the  fall. 

INTERNATIONAL    CONGRESS    OF    REFRIGERATING    INDUSTRIES 

The  American  Committee  of  the  First  International  Congress  of 
Refrigerating  Industries  held  a  meeting  May  20,  with  morning 
and  afternoon  sessions,  in  the  Engineeiing  Societies  Building,  New 
York.  The  object  of  the  meeting  was  to  hear  the  final  report  on 
the  work  of  the  American  Committee  and  also  to  consider  the  mat- 
ter of  organizing  a  {permanent  national  committee  or  association 
to  affiliate  with  the  International  Association,  to  assist  in  the  work 
of  that  Association  and  arrange  for  American  participation  in  tlie 
Vienna  Congress  of  1910. 

.  In  accordance  with  resolutions  passed  at  the  Paris  Congress,  a 
permanent  International  Association  of  Refrigeration  was  organized 
at  an  International  Conference  held  in  Paris,  January  25  last,  at 
which  meeting  tlie  United  States  was  represented  by  Consul-General 
Mason. 
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F(nii-  inii)()i'tant  Interiuitioiial  Commissions  were  organized  under 
the  auspices  of  the  International  Association  to  institute  researches 
as  to  tlie  best  solution  of  scientific,  technical  and  industrial  questions 
pertaining  to  the  field  of  refrigeration  and  to  seek  the  best  admin- 
istrative measures  concerning  the  transportation  of  perishable  prod- 
ucts; also  to  imdertake  experiments  or  tests  of  general  or  inter- 
national interest.  The  United  States  is  asked  to  cooperate  in  this 
woi'k. 

.AMERICAN    ELECTROCHEMICAL    SOCIETY 

A  general  meeting  of  the  American  Electrochemical  Society  was 
held  at  the  Hotel  Clifton,  Niagara  Falls,  Canada,  May  6,  7  and  8. 
The  address  of  the  retiring  president,  E.  G.  Acheson,  was  delivered 
on  Thursday  evening,  the  subject  being  The  Electrochemist  and 
the  Conservation  of  our  Natural  Resources. 

Several  papers  were  presented  and  the  following  officers  elected: 
President,  L.  H.  Baekeland;  Vice-Presidents,  F.  J.  Tone,  Carl  Bering, 
W.  D.  Bancroft;  Managers,  K.  R.  Taylor,  W.  L.  Miller,  W.  H.  Wal- 
ker; Treasurer,  P.  G.  Salom;  Secretary,  J.  W.  Richards. 

AMERICAN    SOCIETY    OF    SWEDISH    ENGINEERS 

A  meeting  of  the  American  Society  of  Swedish  Engineers  was 
iiekl  in  Brooklyn,  N.  Y.,  on  the  evening  of  May  1.  A  paper  was 
presented  by  Wdliam  K.  Austin  upon  A  Rotary  Compounding 
Engine.  This  was  illustrated  by  drawings  and  by  a  small  engine 
with  4^-in.  bore. 

\\  KSTERN    SOCIETY    OF     ENGINEERS     PETITION     FOR   SCHOOL   OF    MINES 
AT    THE    STATE    UNIVERSITY    OF    ILLINOIS 

'J'he  Western  Society  of  Engineers,  through  its  President,  Andrews 
Allen,  has  appointed  the  following  committee  to  draft  a  memorial 
for  presentation  to  the  Legislature  of  Illinois,  petitioning  for  the 
establishment  of  a  Department  of  Mines  at  the  State  University: 
A.  Bement.  Mem.  Am.  Soc.  M.  E.,  Chairman,  F.  A.  Delano,  Bion 
J.  Arnold,  John  M.  Ewen,  Mem.  Am.  Soc.  M.  E.,  Isham  Randolph, 
and  Captain  R.  W.  Hunt,  Mem.  Am.  Soc.  M.  E.  The  Western 
Society  of  Engineers  believes  that  in  the  interests  of  the  people  of 
the  state  in  general,  as  well  as  those  engaged  in  mining  business, 
there  should  be  established  a  department  of  the  University  that 
will  tendUo'^'develop  a  higher  degree  of  skill  in  the  conduct  of  the 
mining  industry. 


PERSONALS 

Capt.  Henry  A.  Allen,  Mem.  Am.  Soc.  M.  E.,  has  been  appointed  engineer  of 
( he  Illinois  divisioti  of  the  National  Guard,  and  will  be  a  member  of  the  (jovernor's 
staff  with  the  rank  of  lieutenant-colonel. 

Carl  Angstrom,  Mem.  Am.  Soc.  M.  E.,  formerly  Managing  Director  of  Motala 
Works,  Motala,  Sweden,  has  opened  an  office  as  Consulting  Engineer  at  Stockholm, 
O.,  Sweden. 

Abram  T.  Baldwin,  Mem.  Am.  Soc.  M.  E.,  has  been  transferred  from  the 
Syracuse,  N.  Y.,  office  of  the  Solvay  Process  Co.,  to  the  Detroit,  Mich.,  office. 

F.  W.  Ballard,  Mem.  Am.  Soc.  M.  E.,  presented  a  paper  on  Power  Costs  for 
Factories,  at  the  April  13  meeting  of  the  Cleveland  Engineering  Society. 

Wm.  O.  Barnes,  Mem.  Am.  Soc.  M.  E.,  has  accepted  a  position  as  Assistant  Super- 
intendent with  the  Miller  Lock  Co.,  Frankford,  Pa. 

Clay  Belsley,  Mem.  Am.  Soc.  M.  E.,  has  been  appointed  City  Engineer  of 
Peoria,  111. 

Prof.  C.  H.  Benjamin,  Mem.  Am.  Soc.  M.  E.,  is  co-author  with  Prof.  G.  A. 
Young,  Mem.  Am.  Soc.  M.  E.,  of  a  contril)ution  upon  A  Series  of  Tests  on  .  White 
Steam  Car,  published  in  the  May  13  issue  of  The  American  Machinist. 

Grant  D.  Bradshaw,  Jun.  Am.  Soc.  M.  E.,  has  been  appointed  Foreman  of  the 
Billet  Mill,  Gary  Works,  of  the  Illinois  Steel  Co.,  Gary,  Ind.  He  was  formerly 
Foreman  of  Rod  Mills,  of  the  Joliet  Plant  of  the  company. 

Prof.  Ij.  p.  Breckenridge,  Vice-President,  Am.  Soc.  M.  E.,  addressed  the  May 
5  meeting  of  the  Western  Society  of  Engineers,  the  subject  being.  The  Engineer- 
ing Experiment  Station  at  the  State  University  and  its  Relation  to  Illinois  Indus- 
tries. 

Morgan  Brooks,  Mem.  Am.  Soc.  M.  E.,  Professor  of  Electrical  Engineering, 
University  of  Illinois,  has  been  granted  a  leave  of  absence  for  foreign  travel  and 
study  during  the  coming  academic  year. 

John  F.  Buckley,  Mem.  Am.  Soc.  M.  E.,  has  become  Consulting  Engineer  to 
the  General  Superintendent  of  the  St.  Marys  Machine  Co.,  St.  Marys,  Ohio. 
Until  recently  he  has  been  associated  with  the  Witte  Iron  Works  Co.,  Kansas 
City,  Mo.,  in  the  capacity  of  Superintendent. 
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Dudley  B.  Bullard,  Mem.  Am.  Soc.  M.  E.,  delivered  an  address  before  the 
Society  of  Mechanical  Foremen  of  Bridj^eport  on  Modern  Tools  and  Their  Devel- 
opment. 

An  article  on  Heat  Value  of  Coal  from  Dulong's  Formula,  Based  on  Ultimate 
Analysis,  by  N.  A.  Carle,  Mem.  Am.  Soc.  M.  E.,  appeared  in  the  May  11  issue 
of  Power  and  the  Engineer. 

The  Society  learns  with  deep  regret  of  the  death  of  Theodore  Minot  Clark, 
fellow  and  member,  and  for  four  years  secretary  of  the  Boston  Society  of  Archi- 
tects. 

Harold  V.  Goes,  Jun.  Am.  Soc.  M.  E.,  formerly  with  the  New  York  Edison  Co., 
has  accepted  the  position  of  Mechanical  Engineer  and  Assistant  to  the  President 
of  the  Liquid  Carbonic  Co.,  with  headquarters  at  67  Wells  St.,  Chicago,  111. 

Prof.  Arthur  W.  Cole,  Jun.  Am.  Soc.  M.  E.,  Instructor  in  Mechanical  Engineer- 
ing, Purdue  University,  will  go  to  the  University  of  Wisconsin  this  summer  to 
give  a  lecture  course  in  gas  and  steam  engines.  He  will  also  act  as  instructor  in 
the  laboratory.     Professor  Cole  will  return  to  his  work  at  Purdue  in  the  fall. 

Charles  Worthington  Comstock,  Mem.  Am.  Soc.  M.  E.,  has  !)een  appointed 
State  Engineer  of  Colorado. 

Barton  Cruikshank,  Mem.  Am.  Soc.  M.  E.,  formerly  Designing  Engineer  of 
the  Solvay  Process  Co.,  Syracuse,  N.  Y.,  has  opened  an  office  as  Consulting 
Engineer,  at  Morristown,  N.  Y. 

Carl  S.  Dow,  Assoc.  Am.  Soc.  M.  E.,  has  become  associated  with  the  staff  of 
Walter  B.  Snow,  Mem.  Am.  Soc.  M.  E.  Mr.  Dow  was  formerly  Manager  of  Pub- 
Hcity,  B.  F.  Sturtevant  Co.,  Hyde  Park,  Mass. 

William  L.  Draper,  Mem.  Am.  Soc.  M.  E.,  formerly  with  the  Boston,  Mass., 
office  of  the  General  Electric  Co.,  has  retired  from  active  work  for  the  present. 

Geo.  W.  Dunham,  Mem.  Am.  Soc.  M.  E.,  formerly  connected  with  the  Olds 
Motor  Works,  Lansing,  Mich.,  has  become  Chief  Engineer  of  the  Hudson  Motor 
Car  Company,   Detroit,   Mich. 

Adolphe  S.  Fairbanks,  Assoc.  Am.  Soc.  M.  E.,  has  become  Philadelphia 
Representative  of  the  engineering  department  of  the  Vandyck-Churchill  Co., 
with  an  office  at  917  Arch  St.  Until  recently,  Mr.  Fairbanks  was  associated 
with  the  Crosby  Steam  Gage  and  Valve  Co.,  New  York. 

Henry  A.  Fergusson,  Mem.  Am.  Soc.  M.  E.,  has  severed  his  connection  with 
Joseph  T.  Ryerson  &  Son,  and  is  now  District  Sales  Agent  for  the  Detroit  Steel 
Casting  Co.,  Morava  Construction  Co.,  Steel  Roof  Truss  Co.,  and  H.  B.  Kraut 
Mfg.  Co.,  with  office  at  514  Bank  of  Commerce  Building,  St.  Louis,  Mo.  Mr. 
Fergusson  is  engaged  also  in  consulting  engineering  work  in  connection  with 
structural  steel  and  power-plant  installations. 
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Horatio  A.  Foster,  Mem.  Am.  Soc.  M.  E.,  has  been  transferred  from  the  valu- 
ation department  of  the  Public  Service  Commission,  District  No.  1,  New  York,  to 
Detroit,  to  take  charge  of  the  appraisal  of  the  properties  of  the  Detroit  United 
Railways,  for  Bion  J.  Arnold,  with  whom  he  has  been  associated  in  the  valuation 
of  the  properties  of  the  New  YoT-k  City  railways. 

Ernest  E.  Gamon,  Jun.  Am.  Soc.  M.  E.,  until  recently  Factory  Manager  of  the 
Neptune  Meter  Co.,  Long  Island  City,  N.  Y.,  has  opened  an  office  in  Newark,  N.  J., 
for  the  manufacture  of  water  meters. 

Prof.  Geo.  F.  Gebhardt.  Mem.  Am.  Soc.  M.  E.,  is  the  author  of  Some  Live- 
Steam  Separator  Tests,  published  in  the  May  11  number  of  Power  and  the  Erujineer. 

John  J.  Harman,  Jun.  Am.  Soc.  M.  E.,  has  become  a  member  of  the  Harman 
Engineering  Co.,  civil  and  mechanical  engineers,  Peoria,  111. 

A  paper  on  The  Present  Value  of  Electrical  Structural  Steel,  by  Henry  D. 
Hibbard,  Mem.  Am.  Soc.  M.  E.,  presented  at  the  May  6-8  meeting  of  the  American 
Electrochemical  Society  at  Niagara  Falls. 

Frank  E.  Herdman,  Mem.  Am.  Soc.  M.  E.,  formerly  in  the  service  of  the  Enid 
Electric  and  Gas  Co.,  Enid,  Okla.,  as  Secretary  and  Treasurer,  has  accepted  a 
position  as  Manager  and  Engineer  of  the  Water  and  Light  Properties  of  the 
Village  of  Winnetka,   111. 

Rudolph  Hering,  Mem.  Am.  Soc.  M.  E.,  has  been  appointed  Consulting  Engi- 
neer for  sewers  and  garbage  disjjosal  plant  of  San  Francisco. 

James  H.  Herron,  Mem.  Am.  Soc.  M.  E.,  has  entered  the  employ  of  the  Motch 
&  Merryweather  Machinery  Co.,  Pittsburg,  Pa.,  in  the  capacity  of  Manager.  He 
was  formerly  associated  with  the  Detroit  Steel  Products  Co.,  Detroit,  Mich.,  as 
Engineer. 

A  biographical  sketch  of  William  Hewitt,  Mem.  Am.  Soc.  M.  E.,  was  pub- 
lished in  the  May  number  of  Cassier's  Magazine. 

Charles  A.  Howard,  Jun.  Am.  Soc.  M.  E.,  has  accepted  a  position  with  the 
E.' W.  Bliss  Co.,  Brooklyn,  N.  Y.  Until  recently  he  was  Assistant  to  the  Mechani- 
cal Engineer  of  the  New  York  Edison  Co.,  New  York. 

Joseph  H.  Hyde,  Mem.  Am.  Soc.  M.  E.,  Chief  Engineer  of  the  American  Car 
and  Fovmdry  Co.,  has  been  transferred  from  the  St.  Louis,  Mo.,  office  to  Chicago, 

III. 

Herman  G.  Jakobsson,  Mem.  Am.  Soc.  M.  E.,  formerly  with  the  Mid  vale  Steel 
Co.,  Philadelphia,  Pa.,  has  been  appointed  Ordnance  Designer  of  the  War  Depart- 
ment. 

Frank  N.  Jewett,  Mem.  Am.  Soc.  M.  E.,  who  was  District  Manager  of  the 
Wagner  Electric  Mfg.  Co.,  of  St.  Louis,  Mo.,  in  charge  of  the  Chicago  office,  has 
been  made  Sales  Manager  of  that  company  at  the  home  office,  St.  Louis,  Mo. 
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Geo.  C.  King,  Mem.  Am.  Soc.  jM.  E.,  has  been  appointed  Assistant  General 
Manager  and  Mechanical  Engineer  of  the  Union  Irrigation  Co.,  Washington,  La. 
He  was  formerly  superintendent  of  the  Russell  Engine  Co.,  Massillon,  Ohio. 

Joseph  P.  Kirkiip,  Jun.  Am.  Soc.  M.  E.,  until  recently  connected  with  the 
Green  Fuel  Economizer  Co.,  as  Testing  and  Experimental  Engineer,  has  become 
representative  of  the  S.  J.  Wing  Mfg.  Co.,  with  an  ofRce  in  the  Philadelphia  Bourse. 

Francis  W.  Lane,  Assoc.  Aim.  Soc.  M.  E.,  for  fifteen  years  Editor  of  The  Rail- 
way Age,  prior  to  its  consolidation  with  The  Railroad  Gazette,  has  moved  to  Chicago, 
where  he  will  act  as  engineering  correspondent  of  The  London  Times. 

Henry  I.  Lea,  Assoc.  Am.  Soc.  M.  E.,  presented  a  paper  on  A  New  ]Method  of 
Gas  Manufacture  at  the  March  17  meeting  of  the  Illinois  Gas  Association. 

Frank  J.  McDevitt,  Jun.  Am.  Soc.  M.  E.,  has  become  Vice-President  and 
Manager  of  the  Ohio  Steam  Specialty  Co.,  Youngstown,  O.  Until  recently  he 
was  connectd  with  the  Ohio  Works  of  the  Carnegie  Steel  Co.,  Youngstown,  Ohio. 

Emerson  ]\[cMillin,  Mem.  Am.  Soc.  M.  E.,  President  of  the  American  I>ight  & 
Traction  Co.,  New  York,  has  been  elected  to  the  newly  created  position  of  Chair- 
man of  the  Board. 

Frank  W.  Magin,  Jun.  Am.  Soc.  M.  E.,  recently  with  the  AUis-Chalmers 
Co.,  Milwaukee,  Wis.,  is  now  located  at  the  New  York  office  of  the  company. 

Guido  H.  Marx,  Mem.  Am.  Soc.  M.  E.,  Associate  Professor  of  Machine  Design 
in  Stanford  University,  has  been  promoted  to  the  rank  of  professor,  the  appoint- 
ment to  take  effect  next  fall. 

Geo.  B.  Massey,  2d,  Jun.  Am.  Soc.  M.  E.,  is  the  author  of  Development  of 
Dredges  for  Placer  Deposits,  which  appeared  in  the  April  24  number  of  The 
Engineering  and  Mining  Journal. 

Guy  L.  Meaker,  Jun.  Am.  Soc.  M.  E.,  until  recently  President  of  The  Meaker 
Co.,  Chicago,  111.,  has  become  associated  with  the  American  Steel  and  Wire  Co., 
as  Assistant  Superintendent  of  the  Rockdale  Works,  Joliet,  111. 

Gustav  A.  Merkt,  Assoc.  Am.  Soc.  M.  E.,  is  the  author  of  Analysis  of 
Power  Consumption  in  a  Roll  Pass,  which  was  published  in  the  April  22  issue  of 
The  Iron  Trade  Review. 

Walter  R.  Metz,  Jun.  Am.  Soc.  M.  E.,  has  been  made  Superintendent  of  Build- 
ings, Governnient  Printing  Office,  Washington,  D.  C.  He  was  formerly  Leading 
Draftsman  of  the  U.  S.  Navy  Yard. 

Henry  C.  Meyer,  Jr.,  Mem.  Am.  Soc.  M.  E.,  is  the  author  of  A  Central  Heating 
and  Lighting  Plant  for  the  United  Statr.s  MiUtary  Academy,  which  was  published 
in  the  April  29  niraiber  of  The  Electrical  World. 
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Dr.  Richard  Moldenke,  Mem.  Am.  Soc.  M.  E.,  gave  a  general  talk  on  Recent 
Progress  in  Foundry  Metallurgy  at  the  May  3  meeting  of  the  Pittsburg  Foundry- 
men's  Association. 

Herbert  H.  Morrison,  Mem.  Am.  Soc.  M.  E.,  formerly  of  New  York,  has  opened 
an  office  in  the  Syndicate  Trust  Building,  St.  Louis,  Mo.,  as  Consulting  Engineer 
for  mechanical  and  electrical  work. 

Alfred  Noble,  Mem.  Am.  Soc.  M.  E.,  and  Silas  H.  Woodard  have  opened  an 
office  as  civil  and  consulting  engineers  at  7  East  42d  St.,  New  York.  Mr.  Noble 
was  fomerly  Chief  Engineer,  East  River  Div.,  P.  T.  &  T.  R.  R.,  New  York. 

Walter  A.  Pearson,  Mem.  Am.  Soc.  M.  E.,  sailed  for  Rio  de  Janeiro,  May  28,  to 
assume  the  position  of  Assistant  General  Manager  of  the  Rio  de  Janeiro  Tramway, 
Light  and  Power  Co.,  Rio  de  Janeiro,  Brazil.  For  the  past  few  months  Mr.  Pear- 
son was  in  the  New  York  office  of  the  Company. 

Dwight  T.  Randall,  Mem.  Am.  Soc.  M.  E.,  late  engineer  in  charge  of  fuel  tests. 
Technologic  Branch,  United  States  Geological  Survey,  has  associated  himself 
with  the  Arthur  D.  liittle  Laboratory  of  Engineering  Chemistry  of  Boston,  in 
charge  of  the  Department  of  Fuel  Engineering. 

Train  Resistance  is  the  subject  of  an  article  contributed  to  the  May  7  issue  of 
The  Railroad  Aye  Gazette,  by  A.  Stncki.  Mem.  Am.  Soc.  M.  E. 

Cecil  Hamelin  Taylor,  Assoc.  Am.  Soc.  M.  E.,  who  has  been  in  the  engineering 
department  of  the  E.  R.  Thomas  Motor  Co.,  Buffalo,  N.  Y.,  has  accepted  a  similar 
position  with  the  Chalmers-Detroit  Co. 

Frank  H.  Taylor,  Mem.  Am.  Soc.  M.  E.,  sailed  May  19  for  England  as  special 
representative  of  the  Mergenthaler  Linotype  Co. 

David  Townsend,  Mem.  Am.  Soc.  M.  E.,  read  a  paper  before  the  mechanical 
section  of  the  Franklin  Institute,  Philadelphia,  Pa.,  on  the  evening  of  April  29, 
on  Prevention  of  Smoke. 

Samuel  D.  Warriner,  Mem.  Am.  Soc.  M.  E.,  General  Manager  of  the  Lehigh 
Valley  Coal  Co.,  has  been  made  Vice-Pi'esident  of  that  company.  Mr.  Warriner 
is  now  Vice-President  and  General  Manager. 

Samuel  Whinery,  Mem.  Am.'^Soc.  M.  E.,  has  been  appointed  by  Governor  Fort 
one  of  three  commissioners  to  appraise  and  revalue  the  railroad  and  canal  prop- 
erty in  the  State  of  New  Jersey. 

Henry  S.  Wood,  Mem.  Am.  Soc.  M.  E.,  resigned  May  1  as  Eastern  Agent  of  the 
North  American  Dredging  Co.,  New  York,  and  will  open  an  office  as  a  consulting 
engineer  in  the  Park  Row  Building,  New  York.  He  will  give  special  attention  to 
dredges,  dredging  and  reclamation  of  land. 

E.  P.  Worden,  Mem.  Am.  Soc.  M.  E.,  delivered  a  lecture  on  Modern  Mine  Pump- 
ing before  the  Engineers'  Society,  Milwaukee,  Wis.,  April  14. 


HISTORY  OF  THE  AMERICAN  SOCIETY  OF 
MECHANICAL  ENGINEERS 

Preliminary  Report   of  the  Committee   on   Society   History 

Chapter  IX — Concluded 

growing  influence  of  the  society 

231  Prominent  in  the  relations  of  the  Society  with  the  piibUc 
may  be  mentioned  the  reports  of  the  various  committees  appointed 
from  time  to  time  for  the  standardization  of  different  portions  of 
engineering  work  which  had  hitherto  been  conducted  independ- 
ently by  various  individuals  and  had  lacked  the  systematic  arrange- 
ment which  could  be  given  only  by  some  such  central  body  as  The 
American  Society  of  Mechanical  Engineers. 

232  Thus,  the  standard  codes  for  testing  steam  engines  and 
boliers,  for  standard  duty-trials  of  pumping  engines,  and  for  tests 
of  locomotives,  provided  methods  which,  however  they  may  have 
been  regarded  in  individual  cases,  placed  all  operations  conducted 
under  their  methods  upon  a  comparative  basis.  In  like  manner 
the  standard  system  of  pipe-flanges  brought  order  out  of  chaos  in 
a  most  important  department  of  manufacturing  work,  and  in  this 
and  similar  instances  the  influence  of  the  Society  became  extended 
beyond  the  limits  of  its  immediate  membership,  and  began  to  have 
its  effect  upon  the  general  public,  both  as  manufacturers  and  as 
consumers. 

283  Another  feature  in  the  work  of  the  Society  which  testified 
to  its  growing  influence  was  the  manner  in  which  it  entered  upon 
the   discussion   of  the   economic    side   of    mechanical    engineering. 

Under  the  direction  of  the  Council  the  Committee  on  Society  History  has 
arranged  to  present  the  results  of  its  investigations  to  the  members  of  the  Soci- 
ety. The  PreHminary  Report  will  appear  in  the  Journal  of  the  Society  from  time 
to  time,  enabling  the  matter  to  be  open  to  comment  during  its  completion. 
It  is  especially  desired  that  any  member  who  may  be  in  the  possession  of  facts 
or  information  bearing  upon  the  various  points  as  they  are  thus  made  public 
will  communicate  with  the  committee,  in  order  that  the  final  and  completed 
report  may  have  the  advantage  of  the  collaboration  of  the  membership  at  large. 
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At  the  time  when  the  Society  was  founded,  it  was  the  general 
opinion  tliat  the  engineer  or  the  mechanic  had  nothing  whatever 
to  do  with  the  commercial  or  economic  side  of  engineering  work. 
Gradually  it  became  apparent  that  the  men  who  were  competent 
to  discuss  the  engineering  features  of  important  manufacturing  enter- 
prises were  pre-eminently  the  ones  who  could  undertake  the  devel- 
opment of  the  economic  side  of  the  same  work.  Thus  arose  the  now 
firmly  established  plan  which  places  in  the  hands  of  administrative 
engineers  the  organization  and  internal  management  of  the  works 
in  which  mechanical  operations  are  conducted.  From  the  original 
paper  of  Henry  R.  Towne,  The  Engineer  as  an  Economist,  through 
the  epoch-making  contribution  of  Frederick  A.  Halsey  upon  the 
premium  system  of  wages,  to  the  later  discussions  of  F.  W.  Taylor, 
H.  Jj.  Gantt,  and  others,  it  has  now  become  definitely  settled  that 
the  mechanical  engineer,  of  all  men,  is  most  competent  to  handle 
the  economic  side  of  engineering  work;  and  in  this  transformation 
in  public  opinion  and  general  practice  The  American  Society  of 
Mechanical  Engineers  must  be  accepted  as  the  pioneer. 

234  It  has  been  said  that  the  commercial  development  of  the 
science  of  electrical  engineering  took  place  during  the  period  between 
the  foundation  of  The  American  Society  of  Mechanical  Engineers  in 
1881  and  the  opening  of  the  World's  Fair  at  Chicago  in  1893.  As 
a  matter  of  fact  it  is  now  being  recognized  that  a  large  part  of  the 
work  of  the  electrical  engineer  is  included  in  that  of  the  mechanical 
engineer,  and  reference  to  the  Transactions  of  the  Society "  during 
those  memoi'able  years  will  show  the  extent  to  which  its  members 
took  part  in  the  unfolding  of  the  mechanical  generation  of  electricity 
and  its  commercial  and  social  applications.  From  the  invention  of 
the  continuous-current  electric  generator  by  Gramme  in  1868, 
through  the  work  of  Brush,  Edison,  Thomson,  Houston,  and  their 
successors  in  the  United  States,  and  of  Siemens,  Ferranti,  Hopkin- 
son,  and  others  in  Europe,  the  mechanical  engineer  became  the 
efficient  associate  of  the  electrical  engineer.  This  is  readily  under- 
stood when  it  is  considered  that  a  large  part  of  the  generation  of 
electricity  includes  the  production  of  power  and  its  delivery  to  the 
dynamo,  while  the  construction  of  electrical  apparatus  calls  for 
machine-shop  work  of  a  high  order.  It  is  not  a  matter  for  surprise, 
cherefore,  when  we  find  in  the  Transactions  of  The  American  Society 
of  Mechanical  Engineers  numerous  papers  relating  to  electrical 
matters,  both  as  regards  the  production  of  the  electrical  current 
and  its  applications  to  the  driving  of  machinery.     The  design  and 
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equipment  of  large  central  stations  has  now  become  an  important 
part  of  the  work  of  the,  mechanical  engineer,  a  work  which  had 
its  inception  largely  among  members  of  the  Society,  and  to  which 
much  of  their  effort  has  since  been  directed. 

235  In  the  tremendous  growth  of  the  iron  and  steel  industry 
the  work  of  members  of  the  Society  held  an  important  part.  It 
was  by  one  of  its  founders,  Alexander  L,  Holley,  that  the  Bessemer 
process  was  introduced  into  the  United  States;  a  President  of  the 
Society,  Robert  W.  Hunt,  was  one  of  the  most  energetic  of  its 
developers;  another  President,  S.  T.  Wellman,  was  identified  with 
the  gro\\i;h  of  the  open-hearth  process;  while  among  other  members 
who  have  done  much  to  create  the  different  types  of  the  modern 
rolhng-mill,  there  should  be  named  two  former  Presidents,  John 
Fritz  and  Charles  H.  Morgan., 

236  In  the  development  of  the  manufacture  of  iron  and  steel 
in  the  United  States  there  is  one  name  which  stands  pre-eminent 
as  engineer,  manufacturer,  and  philanthropist,  that  of  Andrew  Car- 
negie, a  member  of  the  Society  for  twenty  years  past,  and  always 
deeply  interested  in  its  work. 

237  With  the  increase  in  general  interest  in  the  conservation 
of  the  natural  resources  of  the  country,  it  may  be  well  to  recall  that 
almost  from  the  origin  of  the  Society  its  members  have  been  quietly 
but  most  effectively  reducing  wastes,  and  seeking,  as  a  part  of  their 
professional  work,  what  has  only  recently  been  considered  of  public 
interest,  the  minimization  of  unnecessary  losses  in  the  "  art  of 
directing  the  great  sources  of  power  in  Nature  to  the  use  and  con- 
venience of  man." 

238  In  the  very  first  volume  of  the  Transactions  of  the  Society 
there  are  four  papers  relating  to  the  more  economical  use  of  steam, 
besides  two  discussing  the  reduction  of  friction  losses,  and  two 
devoted  to  improvements  in  metallurgical  processes. 

239  A  large  part  of  the  lifework  of  the  late  Professor  Thurston 
was  devoted  to  the  furtherance  of  the  economical  use  of  steam,  and 
hence  a  reduction  of  fuel  consumption.  One  of  the  greatest  con- 
tributions to  the  reduction  of  waste  in  the  use  of  coal  as  fuel  was 
due  to  the  work  of  Eckley  B.  Coxe,  in  rendering  practicable  the 
utilization  of  small  sizes  of  coal,  and  a  resume  of  his  work  in  this 
field  will  be  found  in  his  presidential  address  of  1893. 

240  The  development  of  hydraulic  power,  and  the  possibilities 
of  high  efficiency  by  the  scientific  design  of  turbine  wheels,  have 
both  occupied  the  attention  of  various  members  of  the  Society, 
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while  improvements  in  machinery  and  methods  of  navigation  are 
included  in  its  work. 

241  Another  department  of  engineering  work,  in  the  progress 
of  which  many  members  of  the  Society  have  taken  an  effective 
part,  is  the  mechanical  handling  of  materials.  The  substitution  of 
machinery  for  manual  effort  in  this  work  has  been  very  general 
during  the  period  covered  by  the  work  of  the  Society,  and  the  intro- 
duction of  cableways,  cantilevers,  power-cranes  of  all  kinds,  indus- 
trial railways,  belt-conveyors,  and  digging  and  dredging  machinery 
of  high  power  and  great  capacity,  may  be  traced  almost  entirely  to 
the  activities  of  its  members,  among  whom  may  be  named  two 
of  its  former  Presidents,  C.  W.  Hunt  and  James  M.  Dodge. 

242  The  progress  of  heat  engines  using  other  fluids  than  steam 
has  been  most  rapid  since  the  period  now  under  consideration,  but 
some  excellent  work  was  done  during  the  earlier  years  of  the  exist- 
ence of  the  Society.  The  efforts  of  Captain  Ericsson,  apart  from 
his  experiments  with  the  direct  utilization  of  the  heat  of  the  sun, 
occurred  before  the  foundation  of  the  Society.  An  excellent  review 
of  the  entire  subject  appears  in  a  paper  entitled  Substitutes  of 
Steam,  by  former  president  George  H.  Babcock,  in  1886,  while  the 
later  progress  of  the  internal-combustion  motor,  and  the  interest 
in  its  improvement  by  various  members  of  the  Society,  led  in  sub- 
sequent years  to  the  formation  of  a  special  section  devoted  to  this 
question,  a  matter  which  will  be  more  fully  noticed  hereafter. 

243  Thus  it  is  seen  that  the  Society,  during  the  first  twelve 
years  of  its  existence,  from  its  foundation  to  the  first  succeeding 
international  exhibition  held  in  the  United  States,  had  progressed 
from  a  comparatively  small  organization,  of  interest  mainly  to  its 
own  members,  to  a  great  National  institution,  contributing,  through 
the  work  of  its  members,  to  the  acceleration  of  the  progress  of  the 
world,  and  extending  its  influence  over  the  fields  of  manufacture, 
industry,  commerce,  and  economics,  not  only  in  the  United  States 
but  in  all  parts  of  the  civilized  world. 


ADDRESS  BY  REAR-ADMIRAL  MELVILLE  AND 
PRESENJ  ATION  OF  PORTRAIT 

Tin;  Society  enjoyed  the  privilege,  during  the  Convention  in  Wasliington,  of 
hearing  an  address  by  llear-Ackniral  Cicorge  W.  Melville  on  the  subject  of  The 
Engin  '-'^r  in  the  United  States  Navy. 

At  the  close  of  the  address  a  portrait  of  Rear-Admiral  Melville,  painted  by 
Sigis'nond  de  Ivanowski,  was  presented  by  friends  of  Rear- Admiral  Melville  to 
the  National  Gallery.  Walter  M.  McFarland,  a  friend  and  former  subordinate 
of  Rear-Admiral  Melville,  made  the  pi'esentation  address.  The  portrait  was 
received  for  the  Nation  by  Dr.  C.  D.  Walcott,  Secretary  of  the  Smithsonian 
Institution. 

Abstracts  of  th*^  adflresses  of  Rear-Admiral  Melville,  Mr.  McFarland  and  Dr. 
Walcott  a;e  published  herewith. — The  Editor. 


THE  ENGINEER  IN  THE  U.  S.  NAVY 

By  Rear-Admiral  Geo.  W.  Melville,  Ret.,  Past-President  Am.  Soc.  M.  E. 

Ten  years  ago  my  presidential  address  before  the  Society  had 
almost  the  same  theme  as  my  remarks  this  evening.  At  that  time 
the  Personnel  Law  was  passed,  which  amalgamated  the  engineer 
corps  with  the  line  or  executive  officers  of  the  navy,  with  the  under- 
standing that  thenceforth  engineering  was  to  be  the  function  of 
these  line-officers.  In  his  report  as  Chairman  of  the  Personnel  Board, 
ex-President  Roosevelt,  then  assistant  secretary  of  the  navy,  said, 
"On  the  modern  war  vessel  every  officer  has  to  be  an  engineer 
whether  he  wants  to  or  not."  It  is  well  that  these  lines  should  be 
constantly  in  mind,  for  they  set  forth  the  only  justification  for  the 
Personnel  Law. 

2  Remarks  have  been  made  to  the  effect  that  a  line-officer 
charged  with  all  these  duties  would  be  a  hybrid  or  Jack-of-all- 
trades.  It  is  to  be  noted,  however,  that  our  naval  officers  have  to 
perform  definite  duties.  The  curriculum  of  the  naval  school  can 
be  planned  to  give  them  a  thorough  and  specific  training  for  tlie 
work  they  have  to  do.  In  this  respect  these  young  men  have  a 
decided  advantage  over  the  students  of  any  of  our  great  technical 
schools,  who  can  receive  instruction  only  in  general  principles  because 
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they  ■  themselves  rarely  know  the  particular  line  of  engineering 
work  which  they  will  follow.  It  is,  in  my  judgment,  just  as  ridicu- 
lous to  speak  of  our  modern  line-officers,  specially  trained  for  the  work 
they  have  to  do,  as  Jacks-of-all-trades,  as  it  would  be  to  apply 
this  designation  to  a  blacksmith,  a  lawyer  or  a  doctor. 

3  I  have  not  forgotten  that  I  am  talking  of  men  who  go  to  sea 
and  that  the  line-officers  are  responsible  for  the  handling  of  the  ships; 
in  other  words,  that  seamanship  is  an  essential  element  of  the 
training.  It  must  be  remembered  that  the  modern  navy  has  entirely 
dispensed  with  sails  and  that  it  is  a  misnomer  to  call  the  modern 
man-of-warsman,  a'  sailor.  He  is  not  a  sailor,  because  there  are 
no  sails  for  him  to  handle.  He  is  a  seaman,  because  he  goes  to  sea. 
Seamanship  is  an  art,  proficiency  in  which  comes  almost  entirely 
from  practice,  so  that  officers  who  are  given  the  other  portions  of 
the  training  in  the  classroom,  laboratory  and  workshop,  get  the 
requisite  proficiency  in  seamanship  from  the  practical  exercises  dur- 
ing their  career  as  midshipmen  at  the  naval  school,  and  in  the 
handling  of  vessels  after  they  graduate. 

4  It  is  natural  to  inquire  how  the  amalgamation  has  worked 
out  in  practice.  On  January  21  of  this  year,  the  chairman  of  the 
House  Naval  Committee  quoted  from  the  remarks  of  the  officer 
who  commanded  the  battleship  fleet  which  cruised  around  the 
world,  to  the  effect,  "  When  I  got  to  California,  without  any  engi- 
neers, my  fleet  was  in  better  condition  than  when  it  started."  It 
would  seem,  however,  to  have  agreed  much  ]:)etter  with  the  avowed 
intention  of  the  Personnel  Law  if  he  had  said,  "  Our  cruise  was 
a  great  success  because  every  officer  was  an  engineer." 

5  The  Chairman  of  the  House  Naval  Committee  further  said, 
"It  is  the  opinion  of  our  naval  officers,  in  command  of  our  fleet 
and  ships,  that  this  consolidation  has  been  a  splendid  thing  for  the 
navy,  because  it  makes  the  man  in  command  of  the  ship  the  master 
of  the  ship,  a  man  who  understands  all  the  worldngs  of  the  ship. 
Before,  the  command  of  the  ship  was  in  the  hands  of  the  engineer. 
We  had  to  make  a  change  in  the  curriculum  of  the  Naval  Academy 
whereby  the  officer  of  midshipmen  there  must  acquire  a  knowledge 
of  engineering,  further  adding  to  that  the  experience  which  he 
must  obtain  in  the  engine  room  as  a  watch  officer.  By  reason  of 
these  facts,  the  entire  ship  is  today  under  the  command  of  an  engi- 
neer officer,  a  man  who  understands  all  the  duties  of  engineering 
and  who  is  complete  master  of  the  ship." 

6  J   have  been  told  by  officers  who    have    recently   served    on 
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board  ship  that  one  great  benefit  has  resulted  from  the  amalgama- 
tion: namel}',  that  the  idea  just  expressed  in  the  above  quotation 
is  true;  that  the  commanding  officer  is  now  the  master  of  the  entire 
ship.  In  my  early  days,  few  commanding  officei's  felt  any  interest 
in  the  machinery  beyond  their  demand  that  it  should  always  be 
ready  for  service.  If  anything  went  wrong,  they  washed  their 
hands  of  the  responsibility,  which  was  naturally  upon  the  special 
body  of  engineers.  They  now  feel  the  same  keen  interest  in  the 
machinery  that  they  do  in  the  guns  or  any  other  part  of  the  siiijj, 
and  the  chief  engineer  of  the  ship  (still  so-called)  is  generally  looked 
upon  as  the  officer  next  in  importance  after  the  captain. 

7  7  The  part  of  the  new  regime  about  which  I  have  felt  misgivings 
is  that  thus  far  there  has  been  no  systematic  effort  to  assure  train- 
ing and  experience  for  every  line-officer  in  connection  with  the 
motive  power.  Every  young  officer  should  be  required  to  serve  an 
apprenticeship  in  the  engine  and  fire-rooms,  just  as  he  does  on 
deck,  but  so  far  as  I  have  been  able  to  learn  there  has  never  been 
careful  attention  given  to  this  point. 

8  Having  touched  upon  the  general  conditions  of  the  executive 
side  of  engineering  as  affecting  the-  operation  and  integrity  of  the 
machinery  at  sea,  it  is  now  pertinent  to  consider  the  prospects  with 
regard  to  present  and'  future  designs.  Thus  far,  this  work  has 
remained  in  the  hands  of  officers  specially  trained.  Unfortunately, 
the  same  condition  is  found  here  as  mentioned  in  the  previous  divi- 
sion of  the  subject.  An  effort  has  been  made  to  arouse  the  interest 
of  some  of  the  younger  line-officers  by  a  course  of  special  traming 
for  this  most  important  work  after  the  present  highly  competent 
and  experienced  men  have  retired.  There  has,  however,  been  no 
settled  policy  for  this,  and  the  attempt  tha^t  was  started  was  inter- 
rupted by  the  cruise  of  the  Atlantic  Fleet. 

9  I  am  very  glad  indeed  to  bear  testimony  to  the  fact  that 
the  recent  designs  of  the  Bureau  of  Steam  Engineering  have  been 
highly  creditable  in  every  way.  In  saying  this,  I  feel  a  touch  of 
personal  pride  for  the  reason  that  the  men  who  have  been  doing 
this  work  were  formerly  my  assistants  and  received  most  of  their 
experience  during  my  term  of  office.  I  am  naturally  pleased  that 
the  record  which  was  made  during  my  own  term  is  being  maintained. 

10  When  such  praise  as  this  can  be  given  in  simple  truth,  what 
can  be  thought  of  the  official  who  plans  to  discredit  the  men  who 
have  made  such  a  record,  and  destroy  the  autonomy  of  the  Bureau 
by  subordinating  it  to  the  Bureau  charged  with  the  design  of  hulls? 
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I  l)elieve  3'ou  will  agree  that  my  service  of  a  lifetime  in  the  Navy 
and  my  record  as  the  head  of  a  great  Bureau  in  the  Department, 
the  longest  since  the  Civil  War,  entitles  my  opinion  to  some  weight, 
and  I  want  to  register  my  earnest  conviction  that  any  such  scheme 
of  consolidation  can  only  bring  inefficiency,  retrogression  and  waste. 

11  There  is  still  another  side  to  engineeiing  in  the  navy;  namely, 
the  work  of  the  navy  yards,  which  has  been  prominently  before  the 
public  during  the  regime  of  the  last  Secretary  of  the  Navy.  Changes 
have  been  made  abolishing  the  separate  departments  in  the  navy 
yards  and  consolidating  their  administration  imder  one  officer, 
whose  work,  while  a  vital  element  in  the  building  of  a  ship,  was 
certainly  not  the  only  important  part  and  moreover  was  so  different 
in  its  nature  from  the  other  departments  which  were  absorbed, 
that  it  is  obvious  he  could  not  be  an  expert  on  these  other  lines. 
To  me  it  was  so  marvelous  as  to  be  almost  beyond  belief  that  in 
this  age  of  specialization  a  movement  so  absolutely  counter  to  the 
spirit  of  the  age  should  take  place  in  the  name  of  economy  and 
reform.  If  the  great  shipyards  in  civil  life,  or  the  great  manufac- 
turing establishments,  or  the  dockyard  administration  of  other 
countries,  had  been  different  from  the  methods  employed  in  our 
navy  yards,  a  change  would  at  least  have  been  indicated;  if,  in  the 
other  places  to  which  I  have  referred,  a  system  somewhat  like  the 
one  which  it  has  been  attempted  to  introduce  in  our  navy  yards, 
was  in  vogue,  there  could  be  some  understanding  of  the  change: 
the  facts  are  however,  that  in  its  essential  features  our  navy  yard 
administration  was  along  the  very  lines  which  obtain  in  for- 
eign dockyards,  in  the  great  shipyards  at  home  and  abroad,  and  in 
our  great  manufacturing  establishments. 

12  I  am  led  to  believe  that  the  present  Secretary  is  giving  the 
matter  very  careful  consideration  with  a  view  to^  undoing  the 
tremendous  liarm  brought  about  by  his  predecessor,  and  I  trust 
he  will  be  well-advised  antl  will  restore  the  yards  to  their  former 
efficiency.  It  ought  to  he  said,  however,  as  a  matter  of  record,  that 
these  changes  were  made  without  any  consultation  between  the 
late  Secretary  and  the  officers  most  competent  from  long  experience 
to  know  what  was  best.  Indeed,  by  his  own  statement,  the  scheme 
was  evolved  from  his  own  inner  consciousness. 

13  Our  modern  navy  is  essentially  an  engineering  affair.  The 
vessels  themselves  are  the  product  of  the  engineer's  brain,  and  their 
successful  maintenance  ;md  utilization  depend  entirely  on  engineer- 
ing skill.     Ten  years  ago  I  said  that  the  change  which  had  been 
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made,  absorbing  the  engineer  corps  into  the  hne  of  the  navy  and 
making  every  officer  an  engineer,  was  a  tremendous  step  forward, 
provided  a  sincere  and  earnest  effort  was  made  to  carry  out  the 
scheme  which  was  thus  outlined. 

14  From  what  I  have  said  this  evening,  it  will  be  clear  that 
I  am  not  as  yet  satisfied  that  tiiis  has  been  brought  about.  Undoubt- 
edly the  responsibility  for  the  machinery  of  our  vessels,  guns,  motive 
machinery,  electrical  machinery,  torpedoes,  etc.,  is  upon  the  hne- 
officer  of  the  navy.  He  is  charged  with  this  duty  by  law.  If  the 
older  officers  of  the  navy  had  taken  hold  of  this  matter  with  enthu- 
siasm, I  believe  that  it  would  now  have  been  settled  and  there 
would  be  no  question  as  to  the  great  success  of  the  new  officer,  the 
line-officer  of  the  twentieth  century.  I  am  not  willing  to  believe 
(and  indeed  hardly  willing  to  consider)  the  possibility  that  naval 
officers  will  neglect  any  duty  with  which  they  are  charged,  and  I 
still  hope  that  the  scheme  will  be  worked  out  to  a  great  success. 

15  Not  much  is  ordinarily  said  about  the  machinists  who  are 
doing  good  work  on  board  our  vessels.  They  look  after  the  routine 
^^•ork  of  repair  and  adjustment  on  board  ship,  but  they  are  without 
the  scientific  training  which  is  required  for  engineers  who  are 
really  qualified  for  the  duties  comprehended  by  that  title.  If  the 
line-officers  of  the  navy  do  not  maintain  engineering  efficiency,  it 
will  then,  as  the  organization  now  stands,  fall  upon  these  machinists 
to  perform  the  work  of  the  engineers.  In  other  words,  in  an  organi- 
zation whose  efficiency  is  absolutely  dependent  upon  the  skill  of 
engineers  the  men  relied  upon  for  such  work  would  be  relegated  to 
a  position  of  inferiority  so  low  that  they  are  hardly  counted.  This 
is  utterly  un-American  and  can  only  be  matched  by  absolute  mon- 
archies or  countries  as  unprogressive  in  the  mechanic  arts  as  Spain. 
The  speedy  destruction  of  her  navy  in  the  war  of  1898  was  due 
even  more  to  her  utter  incompetence  in  engineering  than  in  gunnery. 
It  is  inconceivable  that  self-respecting  men  in  a  free  country  like 
ours  will  attempt  to  perform  work  of  such  vital  importance  with- 
out adequate  recognition  in  the  way  of  rank  and  position. 

16  I  will  not  permit  myself  to  believe  that  we  shall  have  to 
consider  this  as  a  practical  question  because  I  cannot  conceive 
that  naval  officers  would  fail  in  duty,  but  I  have  felt  that  both  sides 
of  the  question,  so  vital  to  our  naval  efficiency,  should  be  presented. 

17  During  my  entire  career  in  the  navy,  it  was  my  constant 
endeavor  to  show  by  my  work  the  importance  of  the  engineer  and 
to  encourage  that  spirit  in  my  subordinates.     I  trust  I  will  not  be 
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accused  of  vanity  if  I  say  that  I  believe  my  record  as  engineer-iu- 
chief  added  a  little  to  the  reputation  of  engineering.  My  active 
work  in  the  navy  is  done,  but  so  long  as  I  live  my  mterest  will  never 
slacken  and  my  voice  will  always  be  raised  to  encourage  efficiency 
in  every  branch  of  the  service. 

PRESENTATION  OF  PORTRAIT 

Address  by  Walter  M.   McFarland  in  Presenting  a  Portrait  of  Rear- 
Admiral  Melville  to  the  National  Gallery 

The  honor  of  being  invited  to  pay  a  tril)ute  to  m_v  dear  old  Chief, 
Admiral  Melville,  is  one  which  I  appreciate  highly,  as  well  as  the 
allied  one  of  acting  as  spokesman  for  the  donors  of  the  splendid 
portrait  which  is  to  be  presented  to  the  National  Gallery  this  evening. 
I  admire  the  Admiral  as  the  fine  flower  of  a  s})lendid  type  of  man- 
hood, and  his  kindness  to  me  for  many  years  has  been  so  like  a 
father's  that  with  a  son's  affection  I  rejoice  at  this  splendid  testi- 
monial to  his  personality  and  his  work. 

2  Too  often  the  pathway  to  greatness  and  fame  is  marked  by 
the  wreckage  of  competitors,  and  even  friends,  who  have  been  ruth- 
lessly thrust  aside  in  the  egoism  of  selfish  ambition.  Then,  there 
may  be  a  grudging  admission  of  ability,  but  there  is  no  love,  no  true 
admiration.  When,  on  the  other  hand,  the  hero  has  always  been 
the  helper  and  friend  of  his  companions,  when  he  has  cheerfully 
acknowledged  their  aid  to  his  success,  we  have  such  greatness  as 
we  are  celebrating  tonight.  Then,  every  member  of  the  profession 
feels  that  the  fame  of  the  leader  is  reflected  on  the  whole  body,  and 
they  love  the  man  while  they  rejoice  in  his  reputation. 

3  George  Wallace  Melville  is  such  a  man.  He  has  been  one  of 
the  famous  men  of  engineering  so  long  that  we  find  it  hard  to  remem- 
ber a  time  when  his  name  was  not  synonymous,  as  it  is  now,  with 
all  that  represents  progress  and  achievement  in  our  profession. 

4  It  is  a  matter  of  delight  to  all  of  us  who  love  him  that  the 
artist,  in  the  picture  which  is  to  be  presented  to  the  National 
Gallery  this  evening,  has  faithfully  depicted  the  chief  character- 
istics which  have  made  him  great.  These  are,  in  my  judgment, 
indomitable  courage  and  unbending  honesty.  It  is  possible  for  a 
man  to  have  great  mental  ability  and  yet  fail  of  true  greatness 
if  he  lack  these  essentials. 


PRESENTATION    OF    PORTRAIT  737 

5  You  all  know  Melville's  Arctic  record,  which  first  brought 
him  an  international  reputation;  there  he  displayed  a  heroic 
courage  which  has  never  been  surpassed,  and  for  which  Congress 
advanced  him  a  grade  in  the  Navy.  This,  however,  was  only  a 
repetition  of  other  instances  of  absolute  fearlessness,  beginning 
with  his  earliest  days  in  the  Service.  When  he  became  Engineer- 
in-Chief,  the  same  courage,  but  rather  on  the  moral  than  the 
physical  side,  was  shown.  Beginning  with  his  first  annual  report, 
he  spoke  out  fearlessly,  setting  forth  the  t'-uth  as  he  saw  it  and 
striving  always  for  advancement  and  efficiency.  Complaint  was 
made  to  President  Cleveland  of  the  plain  speech  in  this  first  report, 
but  that  strong  man  read  it  himself  and  said,  "  We  want  more 
such  men." 

6  His  professional  courage  is  also  remarkable,  and  along  with 
this  is  a  faculty,  which  I  believe  is  a  characteristic  of  all  great  men, 
that  having  made  his  decision  he  does  not  worry  about  the  result. 
Able  men  of  minor  rank  are  always  fearful  that  something  may 
go  wrong  and  their  reputation  be  injured.  The  really  big  man 
does  not  believe  himself  infallible.  He  knows  that  all  men  who  do 
things  will  make  some  mistakes,  and  he  is  strong  enough  not  to 
dread  them.  A  notable  instance  of  this  kind  in  Melville's  career 
was  his  use  of  triple  screws  for  the  Columbia  and  Minneapolis.  I 
saw  letters  from  some  of  his  friends,  for  whose  professional  opinion 
he  had  the  highest  regard,  urging  him  not  to  make  the  experiment, 
but  he  had  studied  the  problem  carefully,  was  satisfied  with  the 
correctness  of  the  solution,  and  persevered.  The  result  was  perhaps 
the  greatest  triumph  of  his  professional  career. 

7  His  ability  as  an  executive  was  of  a  very  high  order.  The 
feature  of  deciding  a  case  and  then  refraining  from  worry  is  an 
evidence.  He  had  a  rare  talent  for  choosing  able  assistants,  and 
having  proved  them  he  left  in  their  hands  all  the  detail  work, 
thereby  giving  himself  time  for  careful  study  of  the  larger  problems. 
The  effect  of  this  was  very  marked  in  stimulating  the  entire  staff 
to  the  highest  efficiency  and  zeal.  I  have  known  them  all  personally, 
and  every  man  counted  it  a  pleasure  to  work,  without  regard  to 
hours,  for  the  credit  of  the  "Chief"  and  the  glory  of  the  Service. 

8  With  respect  to  his  professional  work,  it  is  notable  that  his 
career  as  Engineer-in-Chief  of  the  Navy,  from  1887  to  1903,  is  the 
longest  on  record.  It  covers  the  building  of  the  "new  navy,"  and 
the  Spanish  war.  During  this  time  he  was  responsible  for  new  designs 
of  machinery  for  about  120  vessels,  among  which  were  24  battleships 
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and  41  armored  vessels.     Best  of  all,  there  were  no  ''lame  ducks," 
and  no  failures. 

9  I  will  mention  briefly  some  details  of  his  more  important  work. 
He  was  the  first  to  use  water-tube  boilers  in  large  war  vessels  and  to 
determine  the  actual  coal  consumption  by  trials.  He  was  also  the 
first  to  use  the  method  of  determining  trial-speeds,  known  as  the 
"standardized  screw,"  which  is  the  simplest,  most  accurate  and 
inexpensive,  and  fairest  to  the  contractor  as  well  as  to  the  govern- 
ment. 

10  It  is  to  him  also  that  we  owe  our  first  high-speed  battleship. 
When  in  1898  the  proposals  for  the  Maine,  Missouri  and  Ohio 
were  l)eing  prepared,  he  stood  alone  in  his  demand  for  18- knot 
ships.  If  he  had  not  persisted,  we  should  have  been  three  years 
longer  liehind  the  other  navies  of  the    world  in  battleship  speed. 

11  It  is  very  interesting  to  note  also  that  only  a  little  after  this 
he  pi'uposed  an  "all-gun  one-caliber  ship:"  in  other  words,  what  is 
now  called  the  "Dreadnought"  type.  Before  I  left  the  Service,  I 
had  often  heard  him  talk  of  this  big  ship  with  ten  twelve-inch  or 
twelve  ten-inch  rifles  and  nineteen  or  twenty  knots  speed;  and  about 
1899  he  submitted  a  sketch  plan  of  the  battery  of  such  a  ship  to  the 
Board  on  Construction.  Possibly  the  same  influence  which  almost 
prevented  the  eighteen-knot  battleships  prevented  consideration  of 
this  more  advanced  type.  At  all  events  Melville  was  in  advance  of 
the  general  naval  mind,  and  our  country  lost  the  credit  for  the  intro- 
duction of  this  revolutionary  improvement  which  it  might  have  had 
several  years  before  the  "Dreadnought"  was  disclosed. 

12  During  the  war  with  Spain  he  brought  out  the  repair  ship 
and  the  distilling  ship.  The  idea  of  the  former  was  not  new,  but 
the  Vulcan  was  by  far  the  most  complete  vessel  of  the  kind  equipped 
up  to  that  time.  The  latter  furnished  fresh  feed-water  to  the  boilers 
and  enabled  a  vessel  with  a  storage  bunker  capacity  of  3000  tons 
to  supply  60,000  tons  of  water. 

1.3  A  clever  piece  of  work  at  this  time  was  the  fitting  of  new 
boilers  to  some  of  the  old  Civil  War  Monitors  to  enable  them  to  be 
used  for  harbor  defense.  For  years  Melville  had  advised  the  Navy 
Department  that  new  boilers  must  be  supplied  before  these  vessels 
could  be  used.  When  the  destruction  of  the  Maine  made  the  out- 
break of  hostilities  seem  probable,  the  makers  of  water-tube  boilers 
submitted  estimates  of  time  and  cost  for  the  work.  Boilers  were 
promised  in  30  days,  but  it  was  necessary  to  use  the  standard  land 
type.     As  these  vessels  were  not  to  go  to  sea,  however,  this  was 
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satisfactory.  The  wornout  boilers  were  cut  up  and  passed  out 
through  the  smokepipe  (because  the  armored  deck  could  not  be 
taken  up;  the  new  boilers  were  passed  down  the  smokepipe  in  sections 
and  erected  on  board;  finally  each  of  the  boats  was  given  a  steam 
trial,  which  was  entirely  successful. 

14  A  great  deal  of  experimental  work  was  done  under  his  direc- 
tion, all  of  which  is  published  in  his  annual  reports.  The  last  of 
such  experiments  was  a  series  of  tests  of  oil-fuel,  probably  the 
most  comprehensive  ever  made. 

15  My  brief  sketch  of  this  famous  man  would  be  incomplete  if 
I  failed  to  speak  of  his  personality.  The  lion-like  head  and  the 
frank  speech  have  led  some  to  say  that  he  is  one  of  the  old  "  Vikings," 
spared  to  us  a  thousand  years  after  the  others  have  gone;  but  if 
this  leads  any  to  think  that  he  is  harsh  and  cold,  there  could  be 
no  greater  mistake.  Like  all  strong  natures,  he  is  pronounced  in 
his  feelings,  but  he  is  a  man  of  warm  affection,  and  when  he  has 
once  taken  you  into  his  heart,  you  are  sure  of  an  abiding-place 
there  as  long  as  you  are  worthy.  It  is  often  said  that  no  man  is 
great  to  his  intimates,  but  I  have  been  with  him,  day  by  day,  for 
years;  have  seen  him  under  all  conditions;  and  my  admiration  and 
love  for  him  have  simply  increased  as  the  years  go  by.  I  have  no 
ambition  to  be  a  Boswell  and  I  have  not  kept  notes  of  his  doings; 
but  I  have  seen  the  daily  workings  of  a  great,  kind  heart,  tender 
for  the  humble  yet  fearless  toward  the  great;  and  I  can  truly  say 
that  I  count  it  a  privilege  and  an  inspiration  to  have  been  a  trusted 
friend  and  helper  of  this  noble  man,  who  has  exemplified  the  highest 
type  of  manhood  and  added  new  luster  to  the  profession  of  engineering. 

ACCEPTANCE  BY  DR.  C.  D.  WALCOTT 

It  gives  me  pleasure,  speaking  for  the  Smithsonian  Institution  as 
the  custodian  of  the  National  Collection  of  Art,  to  accept  from  you 
for  the  people  of  this  country  this  fine  portrait  of  Rear-Admiral 
George  Wallace  Melville,  to  be  exhibited  in  the  gallery  of  portraits 
of  Americans  who  have  achieved  eminence  in  their  life  work. 

2  Among  the  men  who  have  rendered  distinguished  service  to 
their  country  in  literature,  science,  or  art,  in  war  or  in  peace,  in 
professional  or  civil  life — few  have  won  such  well-merited  distinc- 
tion in  so  many  lines  of  duty  as  Admiral  Melville.  He  stands  high 
in  the  regard  of  the  Nation  as  a  naval  hero,  as  an  engineer  of  excep- 
tional ability,   and  as    a  wise    and   resourceful    administrator  and 
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advisor.  It  is  only  to  be  regretted  that,  under  the  operation  of 
law  governing  retirement,  Admiral  Melville  was  obliged  to  retire 
from  active  duty  in  1903,  but  it  is  to  be  hoped  that  the  country 
which  he  has  so  efficiently  and  actively  served  may  long  he  per- 
mitted to  enjoy  the  benefits  of  his  counsel. 

3  The  portrait  of  Admiral  Melville  is  a  most  appropriate  addition 
to  this  National  collection  and  it  is  peculiarly  fitting  that  his  serv- 
ices should  be  emphasized  in  this  happy  manner  by  a  Society  which 
embraces  so  distinguished  an  array  of  men  in  the  engineering  pro- 
fession, a  Society  that  for  nearly  thirty  years  has  exercised  a  power- 
ful influence  toward  unity  of  interest  and  harmony  of  purpose  in 
the  broad  field  of  American  engineering. 
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THE    PHYSICAL    PROPERTIES    OF    CARBONIC 
ACID  AND  THE  CONDITIONS  OF  ITS  ECO- 
NOMIC STORAGE  FOR  TRANSPORTATION 

By  Prof.  R.  T.  Stewart,  Published  in  The  Journal  for  November 

ABSTRACT  OF  PAPER 

This  paper  gives  the  results  of  recent  investigations  into  the  physical 
properties  of  carbonic  acid,  necessary  in  investigating  the  strength  and 
safety  of  existing  carbonic  acid  cylinders  and  in  the  design  of  new 
cylinders  on  a  safe  and  economic  basis. 

The  results  of  this  investigation  have  made  it  possible  for  the  first 
time  to  state  the  conditions  under  which  the  weight  of  the  containing 
cylinder  will  be  a  minimum  for  the  customary  conditions  of  storage 
and  transportation  of  carbonic  acid. 

The  paper  is  accompanied  by  very  complete  tables,  covering,  it  is 
believed,  a  range  of  conditions  sufficient  for  the  solution  of  any  prob- 
lems apt  to  arise  regarding  the  physical  properties  of  carbonic  acid  in 
connection  with  its  storage  and  transportation.  Of  these.  Table  4 
will  be  found  most  useful  for  the  investigation  of  the  strength  and 
safety  of  existing  cylinders,  and  Table  5  for  the  designing  of  new 
cylinders  of  minimum  weight  of  steel  in  the  shell  per  unit  weight  of 
acid  contained. 

There  is  also  an  addendum  showing  the  necessity  of  a  further  inves- 
tigation of  the  carbonic  acid  cylinder  problem,  especially  as  regards 
the  most  suitable  steel  for  cylinder  construction  and  the  safety  of 
cylinders  now  in  use. 

DISCUSSION 

Mr.  John  C.  Minor,  Jr.^  Professor  Stewart  has  taken  up  with 
admirable  thoroughness  a  most  important  subject  hitherto  practically 
neglected  by  technical  authorities.     The  necessity  of  the  data  which 

'John  C.  Minor,  Jr.,  Manager  N.  Y.  Carbonic  Acid  Gas  Co.,  Saratoga  Springs, 
N.  Y. 
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he  has  so  fully  worked  out,  in  the  proper  and  safe  design  of  cylinders, 
cannot  be  questioned. 

2  Much  credit  must  be  given  to  the  British  Commission,  which  in 
1896  was  the  first  to  investigate  the  safety  of  high-pressure  gas- 
containers;  they  confined  themselves,  however,  to  the  consideration 
of  accidents  and  to  drawing  up  specifications  for  standard  containers, 
and  suggesting  regulations  for  the  future  conduct  of  the  business. 
It  does  appear,  as  Professor  Stewart  says,  that  they  were  in  some 
respects  supplied  with  incorrect  data,  but  their  errors  were  in  the 
direction  of  safety,  and  measured  by  results,  the  report  of  that  Com- 
mission marked  a  tremendous  advance.  Its  suggestions  never 
became  law,  but  were  adopted  in  their  entirety  by  the  gas  manufac- 
turers, with  the  result,  as  I  am  informed,  that  there  have  since  then 
been  no  explosions  of  cylinders  whatever  in  Great  Britain.  Professor 
Stewart's  investigation  will,  I  trust,  lead  to  an  equally  beneficial 
outcome  in  this  country. 

3  While  the  trade  in  compressed  and  liquefied  gases  has  not  in 
this  country  reached  the  proportions  to  which  it  has  attained  abroad, 
it  is  nevertheless  of  considerable  volume.  It  is  here  largely  confined 
at  present  to  carbonic  acid,  with  but  a  small  production  of  other 
gases,  although  the  oxy-acetylene  welding  process  is  rapidly  bringing 
high-pressure  oxygen  into  use.  With  Buffalo  and  Pittsburgh  as 
western  limits,  and  Philadelphia  on  the  south,  there  are  probably 
500,000  cylinders  a  year  of  all  sizes  circulating  in  the  East.  This 
industry  has  been  going  on  ever  since  1888,  and  with  remarkable 
freedom  from  accident. 

4  With  present  practice  it  takes  70  lb.  of  steel  to  carry  20  lb.  of 
gas,  and  high  rates  on  the  railroads  make  the  freight  bill  perhaps 
one-fourth  of  the  whole  expense.  Hence  temptation  manifests  itself 
in  two  ways:  the  manufacturer  wants  to  make  his  tubes  as  light  as 
possible  in.  order  to  obtain  the  business,  and  may  be  prodded,  if 
unwilling,  by  the  buyer,  who  sees  the  possibility  of  reducing  freight 
expense.  The  gas-producer,  on  his  side,  for  every  pound  of  gas  put 
in  the  cylinder  over  a  safe  load,  gets  increased  work  and  reduction 
of  expense.  I  believe  that  the  author  has  called  a  halt  on  all  this 
in  time  to  prevent  the  situation  arising  here,  as  in  Germany,  where 
competition  carried  the  weight  of  cylinders  down  until  the  record 
of  accidents  brought  governmental  interference. 

5  In  his  determination  of  the  proportionate  space  occupied  in 
a  cylinder  by  gaseous  and  liquid  COj  the  author  reaches  conclusions 
whose  accuracy  will  not,  I  think,  be  questioned.     These  are  shown 
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in  Table  5,  which  well  illustrates  the  value  of  this  investigation,  as 
the  most  recent  contribution  on  this  subject  (by  Lange  in  the 
Zeitschrift  fur  Angewandte  Chemie,  1903,  p.  511)  gives  figures  at 
wide  variance  from  those  of  Professor  Stewart. 

6  The  author  brings  out  the  fact  that  with  a  filling  of  62  per  cent, 
i.e.,  with  56  lb.  of  CO2  in  a  large  cylinder,  the  entire  cylinder  volume 
is  filled  with  liquid,  and  all  supernatant  vapor  condensed,  at  tempera- 
tures between  84  and  86  deg.  In  England,  where  the  regulations 
permit  66  lb.  of  CO2  in  this  size  of  cylinder,  this  condition  arises  at 
temperatures  above  70  deg. 

7  Assuming  the  slight  solubility  of  air  in  liquid  CO2  indicated^by 
the  author,  an  assumption  which  my  own  experiments  do  not  yet 
tend- to  prove,  what  becomes  of  the  air  originally  present  in  a  tube 
thus  completely  full  of  liquid  CO2?  If  it  is  not  dissolved,  would  the 
suggested  allowance  of  60  lb.  additional  pressure  for  each  1  per  cent 
of  air  be  proper  in  determining  the  actual  pressure  to  be  expected 
under  these  conditions? 

8  One  point  in  connection  with  the  economics  of  design  is  brought 
out  strongly  if  we  compare  our  American  cylinders  with  those  of 
England,  where  a  filling  of  66  lb.  is  permitted  in  the  size  cylinder  which 
manufacturers  here  recommend  for  50  lb.  They  use  a  low  carbon 
steel  and  put  in  more  metal,  120  lb.  I  think,  to  our  100  lb.  They 
thus  incur  a  proportionately  lower  freight  per  pound  of  gas,  and  have 
the  still  greater  advantage  in  increased  storage  capacity.  Not  much 
C5O2  is  sold  in  winter,  at  which  time  the  cylinders  serve  as  storage 
reservoirs  rather  than  containers  for  transportation.  Any  slight 
additional  cost  would  be  welcomed,  therefore,  which  without  chang- 
ing the  conditions  of  safely  would  insure  an  increase  of  storage  capac- 
ity of  30  per  cent. 

9  I  probably  do  not  interpret  Fig.  9  correctly,  but  on  applying  it 
to  the  two  types  of  cylinders  in  common  use,  holding  respectively 
20  and  50  lb.  of  CO2,  the  following  results  appear  with  reference  to 
the  most  economic  condition  of  storage;  assuming  a  maximum  tem- 
perature of  120  deg.  the  weight  of  the  shell  should  be  3.05  times  the 
weight  of  the  contained  acid,  and  hence  the  weight  of  a  cylinder  for 
20  lb.  of  CO2  should  be  62  lb.  In  practice  it  averages  70  lb.  But 
cylinders  to  hold  50  lb.  of  CO2,  according  to  Fig.  9,  should  take  155 
lb.  of  metal  under  the  same  conditions,  whereas  these  cylinders  in 
use  average  100  lb.  I  shall  be  glad  to  admit  what  I  feel  sure  is  my 
error,  if  it  will  aid  me  in  interpreting  one  of  the  most  important 
results  of  the  investigation. 
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10  It  is  clearly  brought  out  that  protection  against  accident  is  not 
afforded  by  hydraulic  test  alone,  on  which  complete  reliance  has 
hitherto  been  placed;  provision  must  be  made  for  tests  of  the  character 
of  the  metal  and  its  ability  to  stand  usage.  The  new  German  regu- 
lations apply  these  only  to  new  cylinders,  and  not  to  those  in  use, 
which  seems  essentially  wrong. 

11  The  metal  in  use  abroad  for  cylinders  is  so  different  that  we 
cannot  adopt  the  same  regulations  for  testing,  and  much  remains  to 
be  done  along  the  lines  here  pointed  out  to  provide  for  the  safety  of 
these  containers.  The  question  arises  whether  periodic  renewals  of 
the  hydraulic  test  should  not  be  made  on  all  cylinders,  and  if  so, 
what  pressure  should  be  set  for  it.  Should  not  a  certain  number  out 
of  every  thousand  old  cylinders  be  also  subjected  to  an  examination 
of  their  ductility,  and  what  figure  should  here  obtain? 

12  I  believe  that  the  result  of  this  investigation  will  be  not  only 
to  provide  data  for  standard  specifications  of  new  cylinders,  but  to 
induce  on  the  part  of  producers  of  COg  a  careful  examination  of  all 
cylinders  now  in  use.  I  have  been  assured  of  the  concurrence  of 
several  companies  in  this  effort  to  weed  out  dangerous  tubes,  and  by 
periodic  inspection  and  test  to  maintain  conditions  of  safety,  and  we 
shall  be  glad  to  render  all  possible  assistance,  by  the  contribution  of 
tubes  for  examination  and  test,  etc.,  in  any  further  investigation. 

13  The  great  freedom  from  accident  of  the  COg  industry  in  this 
country  has  been  due  mainly  to  our  good  fortune  in  having  tubes 
furnished  us  that  were  better  than  we  had  reason  to  expect,  and 
which  have  stood,  almost  without  exception,  hard  usage  for  years. 
To  what  we  have  gained  from  good  luck  we  may  now  hope  to  add 
the  advantages  resulting  from  the  application  of  common  sense  along 
the  trail  blazed  by  the  author. 

Mr.  Herman  E.  Stxjrcke.^  In  a  general  way,  the  scientific  part  of 
this  paper  may  be  accepted  as  substantially  correct.  The  writer 
would  like  to  call  attention,  however,  to  the  figures  of  Thiele  and 
Deckert  (Zeitschr.  fiir  angew.  Chemie,  1907),  showing  that  1  per 
cent  of  foreign  gases  causes  a  pressure  increase  of  about  75  lb.,  as 
against  60  lb.,  as  stated.  The  author  may  also  team  there  of  a 
possible  error  in  some  of  his  experiments.  His  method  of  deter- 
mination of  foreign  gases  at  a  temperature  above  the  critical  point 
materially  facilitates  the  solution  of  the  problem  of  the  influence 
of  foreign  gases. 

'  Herman  E.  Stiircke,  (leneral  Manager,  Crescent  Chemical  Manufacturing 
Company,  Brooklyn,  N.  Y. 
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2  As  a  manufacturer  of  carbonic  acid,  the  writer  welcomes  the 
author's  investigation,  but  does  not  agree  with  his  conclusions  and 
recommendations.  It  is  not  clear  to  him  why  the  author  should  come 
to  his  conclusions  only  now,  after  having  the  data  for  over  four  years. 
Knowing  my  fellow-beings  to  be  in  imminent  danger,  and  in  igno- 
rance thereof,  I  am  either  very  careless  in  fulfilling  my  duty,  if  I 
postpone  the  warning  cry,  or  else  the  danger  is  more  imaginaiy  than 
real. 

3  On  May  26,  1904,  at  a  meeting  of  carbonic  acid  manufacturers 
the  author  stated  that  he  had  made  for  a  cylinder  manufacturer  a 
ver}'  thorough  inquiry  into  the  jjhysical  properties  of  COg  as  bearing 
upon  the  questions  of  storage  and  transportation,  and  that,  while 
the  investigations  had  not  yet  been  completed  and  formally  reported 
to  the  cylinder  manufacturer,  he  had  been  granted  the  privilege  of 
submitting  the  tables  and  charts  then  ready.  The  author  at  this 
time  stated  his  belief  that  the  standard  cylinders  of  that  company 
were  entirely  safe,  with  the  most  economic  filling  at  62  per  cent, 
at  a  temperature  not  to  exceed  110  deg.  fahr.,  and  at  a  maximum 
of  3  per  cent  of  air  present. 

4  The  author  also  gave  as  the  factors  of  safety,  for  seamless 
C3'linders 

at  110  deg.  fahr.,  for  55  per  cent,  4.1;    for  66  per  cent,  3.4 
at  130  deg.  fahr.,  for  55  per  cent,  3.25;  for  66  per  cent,  2.6 
for  lapwelded  cylinders 

at  110  deg.  fahr.,  for  55  per  cent,  3.7;  for  66  per  cent,  3.23 
at  130  deg.  fahr.,  for  55  per  cent,  2.9;  for  66  per  cent,  2.48 
and  further  stated:  Seamless  cylinders  generally  burst  between 
5100  and  5900  lb.  pressure;  lapwelded  cylinders  between  4900  and 
5500.  The  manufacturers  present  certainly  carried  away  the  con- 
viction that  the  manufacturer  who  had  commissioned  the  author 
with  the  investigation  was  supplying  safe  cylinders.  He  should 
enlighten  us  as  to  why  he  now  differs  from  this  opinion. 

5  In  1904  the  author  knew  of  only  five  explosions  of  COj  cylin- 
ders. The  writer  knows  of  only  two  explosions  in  the  United  States 
since  that  date  and  both  were  caused  by  overloading  and  undue 
exposure  to  heat  or  excessive  shock.  During  the  24  years  of  the 
existence  of  the  COg  industry  in  the  United  States,  seven  or  pos- 
sibly eight  cylinders  have  exploded,  with  a  loss  of  two  lives:  on  an 
average  one  explosion  in  three  years,  or  about  one  cylinder  in  5,000,- 
000  cylinders  filled.  This  estimate  does  not,  of  course,  include  explo- 
sions   caused  by  fire,   or  explosions  of  soda-water  tanks  and   car- 
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bonating  apparatus,  frequently  reported  in  the  press  as  explosions 
of  carbonic  acid  cylinders. 

6  This  very  small  proportion  of  explosions  is  likely  to  decrease 
still  further  on  account  of  the  gradual  adoption  of  safety  devices, 
and  the  greater  care  which  manufacturers  take  to  prevent  overload- 
ing. The  seamless  cylinders,  now  mostly  used,  have  a  water-capacity 
of  88  to  92  lb.,  and  are  seldom  filled  with  more  than  50  lb.  or  51 
lb.  of  carbonic  acid,  giving  a  filling  of  about  55  or  56  per  cent,  or 
10  per  cent  less  than  the  62  per  cent  claimed  by  the  author  as  most 
economic,  with  a  pressure  reduction  of  10  per  cent  and  more  at  the 
danger  point. 

7  From  personal  ol:)servation  and  experience  I  know  the  English 
cylinders,  of  which  the  author  speaks  so  highly,  to  be  clumsy, 
unhandy  and  thick.  They  are,  of  course,  safe,  but  their  good  record 
is  partly  due  to  their  low  pressure  safety  device.  The  carbonic  acid 
industry  is  not  so  prosperous  that  it  could  carry  the  heavy  burden 
of  English  cylinders  and  American  customers  would  prefer  their 
old  system  of  marble  dust  and  acid  to  the  use  of  English  drums. 

8  As  for  the  light  German  cylinders,  one  of  the  oldest  American 
companies,  which  uses  these  exclusively,  and  has  around  30,000  in 
constant  service,  has  not  lost  one  cylinder  in  twenty-two  years  by 
explosion  in  service  or  in  transit.  Used  with  reasonable  care  German 
cylinders  are  not  as  black  as  sometimes  painted.    ■ 

9  In  Germany  the  regulations  permit  loading  to  75  per  cent 
water  capacity.  At  120  deg.  fahr.,  a  loading  of  55  per  cent  gives 
a  jjressure  of  1630  lb.,  75  per  cent  gives  a  pressure  of  2450  lb.  If 
this  were  reduced  to  55  or  60  per  cent,  few  explosions  would  be 
heard  of,  especially  if  safety  devices  should  become  more  general. 
Of  the  eleven  explosions  of  CO2  cyhnders  in  transit  or  in  service 
between  1894  and  1902,  in  Europe,  three  only  were  caused  by  poor 
material  (in  1896  and  1897);  the  other  eight  by  overloading  and 
exposure  to  the  hot  sun,  hot  water,  a  red-hot  stove,  etc.  Explosions 
of  German  cylinders  have  occurred  since  1902,  and  will  continue, 
official  testing  notwithstanding.  Why  then  impose  upon  the  Amer- 
ican CO2  industry  a  burden  which  does  not  protect,  and  causes 
endless  expense  and  annoyance?  The  disastrous  consequences  of 
a  compulsory  change  of  cylinders  have  been  experienced  in  Germany. 
When  the  light  steel  cylinders  came  into  use  there,  five  companies 
could  not  survive  the  change. 

10  Opinion  has  been  expressed  to  the  writer  by  a  competent 
authority  to  the  effect:  "We  believe  as  you  do  that  with  the  500,000 
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American-made  drums  in  the  United  States,  the  explosions  that 
have  taken  place  have  been  infinitesimally  few  and  we  do  not 
know  of  an  instance  of  an  explosion  of  cylinders  such  as  you  use, 
except  on  account  of  overloading," 

11  If  the  author  intends  to  secure  for  all  interested  more  protec- 
tion against  explosion  he  can  attain  this  end  by  a  practical  scheme 
to  avoid  overloading  and  by  developing  safety  devices. 

Mr.  Graham  Clarke.^  Our  company  has  been  engaged  in  the  gas 
business  for  25  years.  We  have  about  fifty  thousand  cylinders  in 
which  to  store  and  transport  carbonic  acid  gas,  nitrous  oxid  and 
oxygen;  and  we  have  never  had  a  cylinder  explode.  Our  cylinders 
are  filled  on  an  average  four  times  a  year  and  are  shipped  to  all  parts 
of  the  country.  We  have  always  bought  our  drums  from  reputable 
makers,  believing  it  would  be  to  their  interest  to  safeguard  their 
business  by  giving  us  the  most  suitable  material  and  the  best  work- 
manship. While  the  cylinders  come  to  us  tested,  we  give  them  an 
additional  hydraulic  test  in  our  factory. 

2  While  Professor  Stewart  thinks  this  test  is  not  of  great  impor- 
tance, we  feel,  from  our  past  experience,  that  it  has  served  us  well. 
We  plan  to  re-test  our  cylinders  as  nearly  as  possible  at  intervals 
of  five  years.  We  have  apparatus  for  determining  permanent 
stretch  and  test  a  certain  number  for  this  to  see  if  there  is  any  deteri- 
oration of  the  cylinders  with  age.  If  a  cylinder  shows  a  permanent 
stretch  of  any  extent  we  destroy  it.  When  cylinders  of  a  make 
unknown  to  us  come  into  our  factory  for  refilling,  we  have  them 
tested. 

3  In  filling  drums  it  is  very  important  to  see  that  they  are  not 
overloaded.  Our  drums  are  all  weighed  at  the  filling-stand,  and 
tags  giving  the  gross,  tare  and  net  weights  are  put  on  them.  The 
weight  of  the  empty  cylinder  is  stamped  on  the  side  of  the  metal 
valve.  These  drums  are  then  put  in  stock,  and  before  being  shipped 
they  are  reweighed.  This  double  check  serves  as  an  extra  precau- 
tion to  make  sure  that  the  drums  are  not  sent  out  overcharged. 

4  From  our  long  experience  we  believe  the  drums  now  in  service 
are  of  sufficient  strength,  if  properly  tested,  and  not  over-loaded, 
and  while  we  would  welcome  any  rules,  yet  we  believe  the  manu- 
facturers of  gases,  who  know  the  practical  side  of  business,  should  be 
consulted  in  regard  to  them. 

'  Mr.  Graham  Clarke,  General  Manager,  Lennox  Chemical  Co.,  Cleveland,  O. 
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Mr.  L.  H.  Thullen.  The  manufacturers  of  carbonic  acid  in  this 
country  nave  made  numerous  experiments  to  ascertain  the  pressure- 
rise  with  increase  of  temperature  and  with  different  degrees  of  filling. 
These  figures  were  made  for  their  own  use,  and  have  not  been  pub- 
lished to  any  extent.  They  have  made  also  extensive  tests  of  cylin- 
ders for  bursting-pressure  and  ductility,  and  by  chemical  analysis. 

2  Cylinders  in  general  use  here  will  contain  20  and  50  lb.  of  car- 
bonic acid,  and  are  generally  5  in.  and  8  in.  respectively  in  inside 
diameter,  and  50  in.  long.  The  5-in  cylinders  are  generally  made  of 
|-in  soft  steel,  having  a  tensile  strength  of  60,000  lb.  per  square  inch. 
Some  of  the  8-in.  cyHnders  are  made  of  high  grade  steel  of  95,000  lb. 
tensile  strength,  and  have  a  j-in.  wall. 

3  Some  of  the  cylinders  are  made  in  this  country  and  a  large 
number  imported,  some  of  high-grade  steel  coming  from  Germany. 
Cylinders  are  imported  not  necessarily  on  account  of  their  superior 
quality,  but  on  account  of  the  difference  in  price  between  the  domestic 
and  imported  article.  The  high  price  of  domestic  cylinders  is  due 
to  the  same  cause  that  makes  steel  rails  sell  at  $28  a  ton  in  this 
country,  while  sold  abroad  by  the  same  company,  freight  paid,  for 
$22  a  ton. 

4  There  are  in  use  here  by  manufacturers  of  carbonic  acid  about 
600,000  cylinders  of  different  sizes.  These  cylinders  are  charged 
about  four  times  a  year,  making  a  total  of  2,400,000  to  3,000,000 
cylinders  charged  a  year. 

5  In  the  last  20  years  there  have  been,  from  different  causes, 
about  half  a  dozen  explosions  of  carbonic  acid  cylinders.  Practically 
all  these  explosions  were  due  to  gross  carelessness  in,  handling  and 
storing  the  cylinders,  the  majority  being  caused  by  the  cylinders 
being  subjected  to  a  high  temperature.  Conditions  that  result  from 
this  latter  cause  may  readily  be  seen  by  referring  to  Professor  Stewart's 
table  of  pressures  for  different  temperatures. 

6  On  this  basis  there  has  been  about  one  explosion  to  5,000,000 
filled  cylinders  in  the  last  20  years.  It  is  safe  to  assume  that  a  larger 
ratio  of  loss  of  life  has  resulted  from  the  overturning  of  teakettles. 

7  The  author  leaves  us  under  the  impression  that  the  proper 
filling  for  carbonic  acid  cylinders  is  about  60  to  62  per  cent  of  their 
water  capacity.  I  am  of  the  opinion  that  a  filling  of  about  55  per 
cent  would  be  more  correct.  This  would  make  a  pressure  on  the 
walls  of  the  cylinder  of  about  2000  lb.  per  square  inch;  at  a  tempera- 
ture of  130  deg.  fahr.,  the  gas  containing  about  3  per  cent  air,  which 
is  the  maximum  contained  in  commercial  carbonic  acid.     A  tempera- 
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ture  of  130  deg.  fahr.  is  about  the  temperature  that  a  metal  object 
lying  out  in  the  sun  would  attain  when  the  temperature  in  the  shade 
is  90  deg.,  and  as  these  cylinders  are  apt  to  be  in  the  sun  at  some 
time,  I  think  130  deg.  fahr.  should  be  the  maximum. 

8  It  is  not  logical  to  build  the  cylinder  walls  of  sufficient  thick- 
ness, or  have  the  factor  of  safety  sufficiently  large,  to  meet  a  rise  in 
the  temperature  under  extraordinary  conditions,  such  as  fire,  or 
for  excessive  filling.  Such  conditions  should  be  cared  for  by  means 
of  a  safety  valve  or  safety  device  of  some  form.  The  means  generally 
used  is  a  soft  metal  disk,  that  ruptures,  and  exhausts  the  cylinder, 
when  the  pressure  reaches  a  predetermined  point  below  the  yielding 
point  of  the  metal  and  well  below  the  rupturing  point.  This  has  been 
found  to  give  ample  protection,  as  demonstrated  by  the  small  num- 
ber of  explosions;  and  there  is  no  more  reason  for  designing  a  carbonic 
acid  cjdinder  to  meet  all  pressure  rises  than  for  designing  a  boiler  to 
meet  all  increases  of  pressure  with  no  safety  valve. 

9  I  am  of  the  opinion  that  the  safety  device  on  the  carbonic  acid 
cylinders  should  be  so  designed  that  an  increase  in  temperature  would 
make  a  decrease  in  the  releasing  point  of  the  valve.  Such  a  device 
could  be  in  the  form  of  a  disk  composed  of  a  substance  that  had  a 
yielding  point  at  a  comparatively  low  temperature.  There  are  a 
number  of  substances  that  would  fill  this  requirement. 

10  With  a  safety  device  to  release  the  pressure  at  a  point  corre- 
sponding to  a  temperature  a  little  above  the  assumed  maximum,  it 
would  be  safe  to  design  the  cylinders  with  a  moderate  factor  of 
safety;  3.3  under  these  conditions  would  be  ample.  This  would 
correspond  to  a  fiber  strain  of  20,000  for  steel  having  a  minimum 
tensile  strength  of  65,000  lb.  per  square  inch,  and  would  be  well 
below  the  yielding  point  of  steel  having  a  tensile  strength  of  35,000 
lb.  Soft  steel  for  cylinders  should  have  a  tensile  strength  of  not  less 
than  65,000  lb.  per  square  inch,  a  yielding  point  of  not  less  than 
35,000  and  an  elongation  of  not  less  than  25  per  cent  in  8  in. 

11  As  a  5-in.  cylinder  generally  contains  but  20  lb.  of  carbonic 
acid,  and  an  8-in.  cylinder  50  lb.,  valued  at  4  cents  per  pound,  or 
80  cents  and  $2  respectively,  and  the  empty  cylinders  when  made 
of  soft  steel  weigh  70  and  100  lb.  respectively,  the  freight  rate  being 
about  35  cents  per  hundred,  it  is  apparent  that  a  great  effort  should 
be  made  to  decrease  the  weight  of  the  empty  cylinders.  In  fact, 
good  engineering  in  cylinder  design  requires  steel  of  the  highest 
tensile  strength  consistent  with  reasonable  ductility,  and  steel  that 
will  not  deteriorate  in  physical  quality  while  undergoing  manufacture 
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into  cylinders.     At  the  present  stage  of  the  steel  industry,  steel  of 

a  tensile  strength  as  high  as  100,000  lb.  per  square  inch  would  be 
perfectly  feasible  for  use. 

12  The  following  would  be  good  specifications  for  such  steel: 

Phosphorus  (basic) not  to  exceed  0.03  per  cent 

Phosphorus  (acid)  "     "       "        0 .05      "     " 

Sulphur "     "       "        0.03      "     " 

Carbon "     "       "        0 .60      "     " 

Tensile  strength  not  less  than  100,000  or  more  than  115,000. 
Elastic  limit  not  less  than  55,000  or  more  than  65,000. 
Elongation  not  less  than  12  per  cent  in  8  in. 

This  would  make  a  cylinder  of  reasonable  w^eight,  which  with  a  calcu- 
lated maximum  temperature  of  130  deg.  and  the  proper  pressure- 
releasing  device  would  be  perfectly  safe  with  a  safety  factor  of  3.3 
or  a  fiber  strain  of  30,000  lb.  per  square  inch. 

13  With  a  maximum  calculated  pressure  of  2,000  lb.  per  square 
inch,  the  thickness  of  the  5-in.  and  8-in.  cylinder  walls  would  then 
be  0.16  in.  and  0.26  in.  respectively.  Cylinders  should  not  be  tested 
to  the  yielding  point;  in  fact,  I  would  recommend  a  hydrostatic  test 
at  not  to  exceed  80  per  cent  of  the  yielding  point.  This  test  should 
be  made  only  to  detect  any  leak,  imperfection  of  manufacture  or  thin 
spot  in  the  cylinder. 

14  I  understand  that  in  some  countries  it  is  customary  to  anneal 
the  cylinders  periodically;  my  opinion  is  that  this  would  be  detri- 
mental to  the  cylinders  and  add  an  unnecessary  burden  to  the  manu- 
facture of  carbonic  acid  gas.  Considering  the  small  percentage  of 
accidents  in  this  country  during  the  24  years  of  the  manufacture  and 
transportation  of  carbonic  acid  gas,  I  see  no  reason  for  laying  great 
stress  on  further  investigation,  unless  it  be  along  the  line  of  making 
the  cylinders  lighter,  and  using  high-grade  steel,  thus  reducing  the 
cost  of  shipment  of  this  and  other  compressed  gases. 

Mr.  E.  D.  Meier.  I  want  to  speak  simply  to  the  question  of  the 
composition  of  the  steel  in  the  cylinders.  I  do  not  think  any  com- 
parison of  the  three  statements  in  the  paper  is  possible,  for  the  simple 
reason  that  they  do  not  state  the  amount  of  phosphorus  or  sulphur 
in  the  steel.  I  speak  from  the  standpoint  of  the  boiler  manufac- 
turer: the  problem  is  similar  to  ours  except  that  we  have  to  do  mainly 
with  cylinders  under  conditions  of  great  heat,  whereas  with  the  car- 
bonic acid  cylinder  you  are  dealing  with  cold.  We  know  that  phos- 
phorus makes  steel  what  is  called  by  the  mill  men  "cold  short,"  that 
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is,  more  likely  to  break  or  crack  when  cold.  Sulphur  makes  steel 
''red  short,"  that  is,  likely  to  crack  when  in  a  heated  condition.  I 
believe  that  the  difference  between  English  and  German  cylinders  may 
be  explained  by  the  percentage  of  either  metalloid.  Then  again  the 
German  cylinders  of  95,000-lb.  tensile  strength  contain  a  slight  per- 
centage of  nickel  or  vanadium,  which  would  put  them  in  a  different 
class. 

2  I  take  issue  with  Mr.  Thullen  with  regard  to  the  percentage  of 
phosphorus.  Phosphorus  is  bad  for  any  steel  where  you  have  much 
tensile  stress,  and  there  is  no  reason,  except  possibly  a  commercial 
one,  for  permitting  more  phosphorus  in  acid  steel  than  in  basic  steel, 
simply  because  it  is  easier  to  get  it  out  of  the  basic  steel.  The  danger  of 
an  excess  of  phosphorus  is  very  great.  I  have  investigated  a  number 
of  ruptures  of  plates  that  occurred  after  flanging,  and  in  every  single 
instance,  taldng  the  chemical  analysis  from  borings  near  the  point  of 
rupture,  it  was  found  that  the  rupture  was  due  to  high  phosphorus. 

3  A  very  searching  investigation  was  conducted  by  Charles  L. 
Huston  a  few  years  ago  in  regard  to  the  segregation  of  the  metalloids. 
He  found  that  in  the  ingot  the  metalloids  segregated  into  a  series  of 
parabaloids,  with  the  wide  end  at  the  top  of  the  ingot,  and  therefore 
in  order  to  make  good  boiler  steel  more  must  be  discarded  from  the 
top  of  the  ingot  than  formerly;  and  I  do  not  think  any  specification 
for  a  vessel  to  contain  liquid  or  gas  under  pressure  is  sufficient  unless 
it  gives  also  the  percentage  of  phosphorus  and  sulphur. 

Mr.  Sanford  A.  Moss.  I  have  been  interested  in  comparing  the 
pressures  of  saturated  vapor  given  by  Professor  Stewart  with  those 
deduced  from  other  experiments.  There  are  some  slight  differences, 
but  on  the  whole,  the  agreement  is  close. 

2  In  an  investigation  of  experiments  on  vapor  pressure  of  solid 
CO2  and  liquid  COj  below  0  deg.  cent.,^  I  found  that  the  following 
equation  gave  vapor  pressure  of  liquid  CO2 

/  n  4QQ2\ 

Logio  V  =  45.8372  -  1  -(0.025975  -       ^     j  (2) 

Here  p  is  vapor  pressure  in  mm.  Hg  (760  mm.  =  1  atm.),  and  T  is 
absolute  centigrade  temperature. 

3  This  equation  fitted  observations  with  remarkable  accuracy 
from  pressure  of  about  three   atmospheres  for  super-cooled  liquid 

'  I  hysical  Review,  vol.  26,  No.  6,  June  1908,  p.  439, 
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at  -65  deg.  to  pressure  of  about  20  atmospheres  at  —  20  (leg.  cent. 
The  critical  point  is  also  given  by  the  equation. 

4  I  find  that  the  vapor  pressures  given  by  Professor  Stewart 
agree  with  values  computed  from  this  equation  in  the  vicinity  of 
the  critical  pressure.  As  the  pressure  becomes  lower,  there  begins 
to  be  a  slight  divergence,  and  at  0  deg.  cent,  there  is  a  differ- 
ence of  about  2  per  cent.  Below  0  deg.  cent.,  the  equation  agrees 
almost  exactly  with  the  experiments  of  a  number  of  observers. 


TABT.E  1 


valul:  of  vapor  pressure  of  go,  in  atmospheres 

(760  mm.  Hg) 


Degrees  Cent. 

Computed  Value 

Amagat's  Value 

0 
10 
20 
31 

34.9 
45.0 
56.9 
72.4 

34.3 

44.2 
56.3 
72.3 

5  Values  given  by  various  observers  for  the  critical  point  agree 
very  closely  with  those  of  Amagat.     Lowest  reputable  value  is  31  deg. 

Prof.  Wm.  Kent.  Referring  to  Professor  Stewart's  statement  in 
Par."  184,  "Any  scheme  that  necessarily  overstresses  the  good  cylin- 
ders in  order  to  eliminate  the  occasional  defective  ones  is  highly 
improper,"  will  a  proof  test  of  1.5  times  the  worldng  load  overstress  the 
cylinders.?  Suppose  the  yield  point  to  be  37,000  lb.  and  the  maximum 
working  fibre  stress  20,000  lb.,  what  harm  can  be  done  by  a  proof  test 
that  stresses  the  metal  to  30,000  lb.  This  would  cause  an  elongation, 
elastic,  not  permanent,  of  only  0.1  per  cent.  And  even  if  the  elastic 
limit  were  passed  and  the  total  elongation  was  1  per  cent,  what  harm 
could  be  done,  since  the  material  has  a  ductility  of  over  20  per  cent? 


The  Author.  The  aim  of  this  paper,  exclusive  of  the  Addendum, 
is  to  furnish  data  for  the  solution  of  problems  relating  to  the  safety 
and  economic  design  of  carbonic  acid  containers,  in  so  far  as  the 
})hysical  properties  of  the  acid  itself  are  concerned.  The  data  given 
ai'e  the  results  of  very  thorough  researches  on  the  physical  proper- 
ties of  both  chemically  pure  and  commercial  carbonic  acid,  and  it 
is  believed  are  adequate  for  the  solution  of  all  problems  that  are 
apt  to  arise  in  this  connection. 

2     The  aim  of  the  Addendum  is  to  point  out  the  fact  that   the 
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experimental  data  given  in  the  paper  cover  only  one  phase  of  the 
cylinder  problem,  namely,  from  the  standpoint  of  the  physical  prop- 
erties of  the  carbonic  acid  itself;  while  other  phases  of  the  commer- 
cial prol)lem,  such  as  suital)ility  of  materials  to  cylinder  construction, 
deterioration  while  in  service,  periodic  heat  treatment  and  tests, 
apparently  have  not  yet  been  adequately  investigated. 

3  The  author  refrains  from  making  a  lengthy  closure  to  this 
paper  and  discussions  for  the  following  reasons:  First,  the  few  ques- 
tions raised  on  the  paper  proper  will  be  clearly  answered  by  a  careful 
perusal  of  the  paper  itself.  Second,  the  discussion  of  the  Addendum 
relates  chiefly  to  matters  which  apparently  have  not  as  yet  been 
sufficiently  investigated  to  enable  anyone  to  arrive  at  definite  con- 
clusions. The  author  believes,  after  listening  to  the  discussion  of  the 
Addendum,  that  there  is  still  a  necessity  for  a  furthei-  investigation 
of  the  compressed-gas  container  problem. 


FUEL  ECONOMY  TESTS 

By  C.  R.  Weymouth,  Published  in  The  Journal  for  Mid-November 

Prof.  W.  B.  Gregory.  The  economy  shown  in  these  tests  is 
unclouljtedly  due  to  high  boiler  efficiency.  Crude  oil  is  used  exten- 
sively in  the  southwest,  especially  in  Louisiana  and  Texas,  and  on 
the  Pacific  coast.  Boiler  tests  with  various  kinds  of  coal  are  numer- 
ous. The  tests  in  which  fuel  oil  was  used  are  much  more  limited  as 
some  of  the  best  work  has  been  done  by  boiler  manufacturers  and  is 
not  available  to  the  general  public. 

2  During  the  last  seven  years,  the  writer  has  made  more  than  fifty 
tests  with  fuel  oil  and  has  had  a  widely  varying  experience  with  this 
fuel.  The  best  results  can  be  attained  only  when  careful  attention 
is  given  to  every  detail  of  the  boiler  equipment.  Burners  for  fuel  oil 
use  from  less  than  3  per  cent  to  12  or  15  per  cent  of  the  total  steam 
generated.  The  arrangement  of  the  furnace  has  been  found  to  affect 
results  to  a  marked  degree. 

3  The  greatest  loss  in  burning  fuel  oil  undoubtedly  comes  from 
careless  manipulation  of  draft  openings  and  of  the  damper.  Much  of 
the  writer's  experience  has  been  in  the  testing  of  irrigation  plants  of 
from  50  to  600  boiler  h.p.  capacity  where  the  load  was  constant  and 
the  efficiency  in  the  larger  plants  ought  to  have  been  high.  Many 
of  the  tests  were  made  to  determine  the  actual  conditions  of  ordinary 
running  without  offering  any  suggestions  as  to  the  best  way  to  im- 
prove economy.  In  a  great  many  plants  the  firemen  leave  the  draft 
doors  wide  open  and  so  long  as  no  smoke  appears  they  are  satisfied, 
never  questioning  whether  the  amount  of  air  is  greatly  in  excess  of  that 
required  for  economical  results.  Under  these  conditions,  boiler 
efficiencies  ranging  from  55  to  60  per  cent  are  to  be  expected  and  the 
results  show  that  such  efficiencies  are  obtained.  On  the  other  hand, 
when  acceptance  tests  of  plants  were  made  under  a  fuel  guarantee 
and  care  was  used  in  finding  the  proper  draft  area,  and  especially  in 
the  manipulation  of  the  damper  to  maintain  as  high  a  pressure  as 
possible  in  the  furnace  and  around  the  heating  surface  of  the  boilers, 
the  efficiency  has  ranged  from  73  to  75  per  cent. 
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4  The  amount  of  fuel  saved  by  an  intelligent  control  of  the  fur- 
naces is  therefore  a  large  item  in  the  annual  fuel  bill.  This  fact  has 
not  been  sufficiently  brought  home  to  the  operators  of  power  plants 
using  fuel  oil.  No  doubt  there  is  much  to  be  learned  regarding  the 
control  of  boilers  using  this  fuel,  and  there  is  still  a  wide  field  for 
research  work  having  for  its  object  the  conserving  of  fuel  in  the  form 
of  crude  oil  and  pointing  out  a  few  simple  rules  to  guide  the  operat- 
ors of  such  boiler  plants  towards  a  more  economical  generation  of 
steam. 

The  Author.  While  the  interest  in  this  paper  as  evidenced  by 
the  discussion  is  very  gratifying,  it  is  disappointing  that  for  purposes 
of  comparison  specific  statements  of  economy  have  not  been  given 
for  some  of  the  more  important  Eastern  and  Western  power  stations. 

2  During  the  last  six  or  eight  years,  the  steam-power  central 
station  has  experienced  apparently  a  wonderful  development,  and 
the  fuel  economy  of  these  large  stations  is  a  matter  of  supreme  impor- 
tance to  mechanical  engineers.  With  modern  systems  for  central- 
station  records  and  cost-accounting,  it  cannot  be  that,  privately,  this 
subject  has  not  received  its  full  share  of  attention  and  study;  yet, 
with  perhaps  one  exception,  the  engineering  public  might  search  in 
vain  the  proceedings  of  .'our  leading  engineering  societies,  and 
even  the  technical  press,  for  an  authoritative  statement  of  plant  fuel 
economy  in  regular  every-day  service  in  any  of  these  notable  central 
stations. 

3  During  recent  years  there  have  been  pronounced  differences 
of  engineering  opinion  I'egarding  the  selection  of  prime  movers,  and 
while  these  differences  do  not  center  on  the  cpiestion  of  fuel  economy 
alone,  this  is,  in  most  cases,  a  prime  factor.  It  has  become  a  custom 
in  the  selection  of  such  apparatus  to  compare  the  steam  consumption 
guarantees  for  various  types 'at  specified  ratings,  making  reference 
to  actual  shop  and  plant  tests  as  a  warrant  for  the  guarantee.  It  is 
a  fact,  however,  that  the  final  measure  of  economy  is  in  the  monthly 
maintained  station  fuel  records,  under  actual  service  conditions  and 
covering  a  wide  range  of  load,  rather  than  in  shop  or  uniform-load 
tests.  The  engineering'^public  are  far  more  interested  in  these  com- 
mercial fuel  economies,  than  in  mere  statements  as  to  steam  consump- 
tion under  ideal  test  conditions,  or  in  speculations  as  to  probable  fuel 
economy  based  on  an  assumed  steam  economy;  and  in  passing  judg- 
ment on  a  matter^of  such  importance,  they  are  entitled  to  such  fuel 
performance  records. 


I 
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4  The  results  of  tlie  official  fifteen  days'  test  of  the  Redondo  plant 
were  obtained  on  a][commercial  run  under  rapidly  swaying  railway 
load,  and  including  all  standby  losses  for  each  day  during  the  four 
and  one-half  hour  period  of  shutdown.  It  is  common  knowledge 
that  there  is  a  large  discrepancy  between  such  commercial  load  rec- 
ords and  siiop  or  uniform-load  tests,  a  feature  apparently  overlooked 
by  some  members  in  discussing  this  paper. 

5  The  Redondo  station  operates  in  parallel  with  a  waterpower 
station  of  about  equal  capacity.  Practically  all  of  the  total  load- 
variation  is  taken  up  by  the  Redondo  engines,  and  as  these  swings 
correspond  to  those  of  a  plant  of  double  capacity,  it  follows  that  the 
rate  and  magnitude  of  load  variations  on  each  unit  are  about  twice 
as  great  as  on  an  ordinary  or  independently  operated  steam  plant. 

6  The  writer  has  been  keeping  careful  note  of  the  monthly  econ- 
omy of  the  Redondo  plant,  in  order  to  detect  any  failure,  chargeable 
to  the  plant  equipment,  to  maintain  the  economy  as  shown  at  the 
time  of  completion.  There  are  external  conditions — principally  the 
intermittent  failure  of  circulating  water  due  to  seaweed,  and  the  oper- 
ation of  all  or  part  of  the  plant  non-condensing  for  intervals  varying 
from  a  few  hours  to  a  few  days  per  week — which  for  certain  months 
have  caused  a  falling  off  of  the  monthly  economy  by  not  more  than 
from  five  to  ten  per  cent. 

7  But  to  answer  properly  Mr.  Ennis,  who  apparently  is  under 
the  mistaken  impression  that  the  record  given  was  merely  for  a  test 
condition,  and  who  considers  the  economy  stated  "perhaps  unpre- 
cedented if  it  is  maintained  in  the  ordinary  operation  of  the  plant," 
the  writer  can  state  that  for  the  month  of  December,  1908,  after 
seven  months'  operation  of  the  Redondo  station  entirely  under  the 
direction  of  the  regular  plant  operatives,  the  average  economy,  under 
similar  conditions  of  load,  etc.,  was  even  better  than  that  obtained 
under  the  official  test  of  the  complete  plant.  Provided  the  plant 
upkeep  is  given  ordinary  attention,  there  is  every  reason  to  believe 
that  the  station  will  continue  to  maintain  practically  the  same  fuel 
economy;  except  during  periods  of  unfavorable  external  conditions 
of  the  character  outlined. 

8  Several  members  have  expressed  the  idea  that  compared  with 
Eastern  coal-burning  plants  the  excellent  fuel  economy  of  the  Re- 
dondo station  is  to  be  attributed  wholly  to  the  superior  boiler-plant 
efficiency,  when  burning  crude  oil,  and  not  to  the  economical  pei-form- 
ance  of  the  prime  movers,  which,  either  by  inference  or  conjecture, 
they  would  class  as  ordinary. 
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9  It  is  important  to  distinguish  between  the  high  efficiencies 
resulting  from  an  absokitely  uniform-load  boiler  test  under  ideal 
conditions  permitting  refined  adjustment,  and  the  performance  under 
constantly  changing  railway  load,  with  heavy  swings  and  including 
not  only  a  considerable  period  of  operation  at  light  load,  but  several 
hours  of  standby  and  radiation  loss  during  each  24-hour  period; 
and  however  good  the  gross  boiler  efficiency  may  be  with  oil  fuel,  there 
results  a  lower  net  boiler-plant  efficiency,  after  making  deductions 
for  the  steam  consumption  of  oil  burners,  heating  coils  in  oil-suction 
tanks,  oil-pressure  pumps  and  live-steam  make-up  in  oil-pressure 
heaters,  and  after  making  the  further  uncertain  allowances  in  the 
case  of  excessive  moisture  and  sulphur  in  the  oil,  and  loss  by  vaporiza- 
tion due  to  heating  in  suction  tanks. 

10  Judging  by  various  general  statements,  there  unquestionably 
prevails  an  exaggerated  idea  of  the  difference  between  this  net  boilei'- 
plant  efficiency  when  burning  oil  fuel,  and  when  burning  the  best 
grades  of  anthracite  and  semi-bituminous  coals,  imder  the  every-day 
commercial  service  conditions  described,  and  even  when  using  the 
automatic  system  of  oil-firing.  In  short,  the  economy  of  this  plant 
in  view  of  the  necessary  losses  in  its  various  elements,  under  regular 
service  as  compared  with  test-conditions,  indicates  that  not  only 
was  the  boiler  performance  reniarkably  fine,  as  correctly  indicated 
in  the  discussion,  but  that  the  individual  performance  of  every  ele- 
ment composing  the  plant  was  necessary  of  notable  excellence. 

11  Inline  with  these  considerations,  Mr. Barrus  and  others  have 
inquired  for  test  data  on  the  various  elements  of  the  plant.  The 
only  official  tests  made  at  Redondo  are  those  given  in  the  paper, 
and  made  under  the  control  of  the  Testing  Committee  appointed  by 
the  contractor  and  purchaser.  The  only  tests  of  individual  elements 
were  informal  tests  of  short  duration,  in  v/hich  the  purchaser  was  not 
represented,  and  although  they  might  be  of  service  in  estimating  the 
performance  to  be  expected  in  designing  new  plants  they  would  not 
add  to  the  value  of  the  paper,  when  limited  to  the  purpose  for  which 
it  was  written. 

12  It  seems  to  have  been  taken  for  granted  by  some  that  the 
writer  is  an  enemy  of  the  steam  turbine,  which  is  not  so.  All  he 
desired  was  to  bring  out  the  fact  that  the  piston  steam  engine  is  still 
an  important  factor  in  steam  power  plant  design.  On  the  present 
showing  of  Pacific  Coast  plants,  he  is  compelled  to  favor  the  piston 
engine  on  the  score]|of  economy,  but  he  does  not  wish  to  take  a  stand 
that  either  one  or  the  other,  or  a  combination  of  the  two,  will  neces- 
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sarily  be  the  most  efficient,  when  all  the  elements  which  affect  the 
every-day  working  of  a  power  plant  are  considered.  Under  constant 
full-load  "test  conditions"  the  steam  consumption  of  engines  and 
turbines  may  be  nearly  equal,  but  under  commercial  seT-vice  and  on 
widely  varying  loads  there  may  exist  a  marked  difference  in  the 
respective  fuel-economj''  records,  and  fuel  economy  is  really  "the 
proof  of  the  pudding." 

13  In  answer  to  Mr.  Kent — colder  circulating  water  can  be  had 
in  the  East  than  in  the  West,  and  as  the  economy  of  the  turbine 
depends  largely  on  the  vacuum  obtainable,  turbine  plants  installed 
in  the  West  with  70-deg.  circulating  water  will  not  show  as  favor- 
able economy,  either  in  steam  consumption  or  the  "  coal  pile, "  as 
plants  in  the  East,  where  circulating  water  is  available  for  a  season 
at  35  deg.  fahr.,  and  where  a  vacuum  of  between  29  in.  and  29J  in. 
is  then  obtainable. 

14  Mr.  Ennis  states  that  the  best  records  for  Eastern  coal-burn- 
ing turbine  plants  are  between  two  and  two  and  one-half  pounds 
of  coal  per  kilowatt  hour.  If,  as  is  probably  the  case,  these  stations 
are  burning  the  best  qualities  of  anthracite  and  semi-bituminous 
coal,  then  after  making  due  correction  for  boiler  efficiency,  the  Redondo 
station  will  still  be  ahead  on  the  score  of  economy. 

15  In  estimating  the  probable  economy  of  the  Redondo  engines, 
Mr.  Ennis  used  a  combined  efficiency  of  engine  and  generator  of 
0.855,  popularly  assumed  as  a  representative  figure  for  steam  engines, 
whereas  that  actually  observed  and  stated  in  the  paper  is  over  0.94. 

16  Referring  to  the  deduction  of  Mr.  Bibbins,  the  writer  again 
wishes  to  protest  against  theoretical  considerations  and  calculated 
economies,  either  from  prime  movers  to  complete  plants,  or  vice 
versa.  Complete  plant  economy  is  not  merely  a  product  of  engine 
and  boiler  performance,  but  involves  many  other  well-known  items 
of  loss.  There  must  be  considered  not  only  the  uniform  load 
test  performance  of  boilers  and  engines  at  economical  load,  but 
also  their  poorer  performance  in  the  station  on  variable  load, 
including  light  load  and  overload;  and  all  other  elements  of  sta- 
tion fuel-loss,  including  standby,  starting  and  stopping,  will  decrease 
the  actual  every-day  station  economy,  as  compared  either  with  the 
calculated  full-load  economy  or  that  shown  by  a  test  of  short  duration. 
Hence,  knowing  the  variable  load  economy  of  the  complete  plant, 
and  sa}^,  the  boiler  efficiency,  the  calculated  steam  consumption  of 
prime  movers  will  be  too  great  if  these  other  items  are  neglected. 
Also  if  the  boiler  and  engine  test  performance  are  known,  the  calcu- 
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lated  complete  plant  economy  is  far  too  good  if  the  other  items 
of  loss  are  neglected.  Comparing  with  actual  service  records,  Mr. 
Bibbins'  calculation  of  one  kilowatt-hour  on  fuel-consumption  of 
21,000  B.t.u.  offers  an  example  of  the  confusion  resulting  from  such 
false  analyses.  If  Mr.  Bibbins  and  Mr.  Kruesi  would  present  to  the 
Society  some  actual  station  fuel  recoi-ds,  of  their  respective  companies, 
either  for  Eastern  or  Western  turbine  plants,  they  would  add  to  our 
store  of  such  information,  and  perhaps  encourage  others  to  come 
forward  with  the  same  sort  of  data. 

17  The  writer's  suggestion,  commented  on  by  Mr.  Ennis,  as  to  the 
establishment  of  a  standard  for  comparison  of  fuel  economies  for 
power  stations,  had  reference  to  the  extension  to  complete  plants  of 
the  standard  set  forth  in  the  report  of  the  committee  of  the  British 
Institution  of  Civil  Engineers,  which  referred  only  to  the  performance 
of  steam  engines,  under  different  initial  and  final  pressures  and  tem- 
peratures. An  extract  from  this  report  is  given  in  Kipper's  The 
Steam  Engine,  Theory  and  Practice,  p.  300.  This  cycle  is  designated 
by  the  above  committee  as  the  Rankine  cycle,  and  is  best  known 
under  this  name,  although  previously  known  as  the  Clausius  cycle. 

18  The  writer  would  emphasize  the  important  difference  in  appli- 
cation between  the  standard  proposed  by  the  committee  of  the  British 
Institution  of  Civil  Engineers,  and  that  proposed  by  the  writer. 
The  former  refers  to  steam  motors  only,  and  the  lower  limit  of  tem- 
perature is  that  measured  in  the  exhaust  pipe  near  the  engine.  The 
latter  refers  to  complete  plants,  including  steam  motor,  boilers  and 
auxiliaries,  and  not  merely  the  prime  mover;  the  lower  limit  is  the 
initial  temperature  of  circulating  water  and  not  the  temperatui'e  in 
the  exhaust  pipe.  The  complete  plant  performance  will  depend  on 
the  efficiency  of  the  condensing  plant,  and  the  nearness  with  which 
the  vacuum  approaches  the  lower  temperature  limit  established  by 
the  entering  circulating  water. 

19  Referring  to  Mr.  Bibbins'  remarks  on  the  performance  of 
engines  at  fractional  loads;  owing  to  the  increasing  number  of  expan- 
sions, and  the  benefits  derived  from  the  use  of  superheated  steam, 
the  Redondo  engines  actually  improve,  over  rated  economy,  for  a 
wide  range  of  fractional  Load.  And  contrary  to  the  prevailing  opinion 
a  good  vacuum  is  very  desirable  for  high  engine  economy,  tlie  benefit 
on  fractional  loads  being  especially  notable.  This  improvement  in 
engine  economy  at  the  lighter  loads  was  so  marked  that  the  fractional- 
load  losses  in  the  remaining  portions  of  the  ])lant  were  equalized, 
giving  for  a  fairly  wide  range  of  load  a  practically  uniform  fuel   econ- 
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uiny  for  the  complete  unit  of  engines,  boilers  and  auxiliaries.  The 
popular  conception  of  the  performance  of  the  average  engine  on  frac- 
tional load  is  so  decidedly  contrary  to  this,  that  the  writer  feels  that 
he  has  established  a  significant  fact  in  giving  the  cui-ve  of  complete 
plant  fuel  performance. 

20  To  the  writer's  knowledge  there  was  no  consideration  of  in- 
creased flexibility  in  the  inception  of  the  four-cjdinder  engine,  but 
this  feature  is  not  therefore  of  any  less  importance.  The  combination 
of  the  four-cylinder  engine  with  twin  condensers  combines  features 
of  the  utmost  value,  when  considering  the  continuity  of  station  out- 
put with  a  limited  number  of  units,  and  also  when  operating  in  loca- 
tions necessitating  frequent  cleaning  of  or  tube  renewals  in  surface 
condensers. 

21  For  the  frequent  special  conditions  at  Redondo,  of  failure  of 
circulating  water  and  stoppage  of  condensers  by  seaweed,  the  twin- 
condenser  arrangement  is  of  the  utmost  value,  permitting  the  cleaning 
of  each  condenser,  while  the  entire  engine  exhausts  to  the  other,  thus 
losing  between  one  and  two  inches  of  vacuum  only.  When  the  supply 
of  cooling  water  is  completely  stopped  by  seaweed,  the  ability  of  the 
engines  to  carry  the  same  heavy  overload  non-condensing,  and  this 
with  high  economy,  is  likewise  a  feature  of  great  value,  for  on  such 
service  the  effective  capacity  of  any  prime  mover  is  its  capacity  when 
operating  non-condensing. 

22  Mr.  O'Neil  is  apparently  surprised,  not  that  the  actual  result 
was  so  good,  but  that  the  guarantee  was  so  poor,  and  he  feels  that 
this  difference  reflects  on  the  ability  of  the  engineers  to  determine 
the  guarantee.  This  guarantee  was  not  based  on  a  calculated  econ- 
omy; it  included  the  elements  of  standby  loss,  and  variable  load  run- 
ning, on  which  no  data  were  publicly  available.  On  the  other  hand, 
the  guarantee  was  based  on  what  information  could  be  secured  as  to 
the  actual  performance  of  existing  stations  bm'ning  oil  fuel.  The 
contractor's  initial  proposal  stated  that  the  calculated  economy  of 
the  complete  station  based  on  individual  guarantees  of  apparatus, 
and  uniform  load  at  rating,  would  be  240  kw-hr.  per  bbl.  of  oil. 
As  the  existence  of  the  Redondo  station  was  dependent  on  the  guar- 
anteed cost  of  power,  under  commercial  conditions  of  operation,  its 
general  manager  later  demanded  a  commercial  load  guarantee  subject 
to  a  heavy  penalty  for  failure. 

2.3  Answering  Mr,  Moultrop's  query  as  to  the  method  of  filtering 
cylinder  oil  from  the  feed-water,  and  the  possible  trouble  from  oil  in 
the  boilers,  on  account  of  the  use  of  condensed  engine  exhaust  as 
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boiler  feed-water;  owing  to  tlie  limited  supply  of  feed- water,  it 
was  impossible  to  break  in  the  Redondo  plant  on  raw  water,  and  to 
throw  the  air-pump  discharge  overboard.  An  excess  of  cylinder 
oil  was  intentionally  used  in  starting  the  engines,  some  of  which 
passed  by  the  feed-water  filters  and  for  a  period  caused  the  burning 
out  of  some  of  the  lower  row  of  boiler  tubes.  The  quantity  of  cylin- 
der oil  was  subsequently  reduced  so  that  the  filters  could  remove 
enough  oil  to  avoid  difficulty  with  the  boilers. 

24  Most  of  the  cylinder  oil  used  by  the  engine  is  fed  into  the  high- 
pressure  cylinders,  and  this  is  largely  eliminated  by  the  oil  separator 
diaphragm  on  entering  the  engine  receiver,  and  trapped  to  waste. 
The  steam  entering  the  low-pressure  cylinder  is  consequently  com- 
paratively free  from  oil.  As  but  a  small  amount  of  cylinder  oil  is 
directly  fed  into  the  low-pressure  cylinders,  the  total  amount  of  oil 
in  the  condensed  water  is  relatively  small  and  as  easily  cared  for  by 
the  filters.  The  filters  are  not  of  the  pressure  type,  but  receive  water 
under  atmospheric  pressure,  which  passes  downward  through  the  filter 
by  gravity.  There  are  two  filters  per  engine,  each  about  4  ft.  in 
diameter  by  5  ft.  in  height.  In  each  filter  are  four  horizontal  per- 
forated diaphragms  for  the  support  of  the  filtering  material — usually 
hay — with  which  the  filter  is  completely  filled.  The  discharge  pipe 
is  so  arranged  as  to  submerge  constantly  all  of  the  filtering  material. 

25  This  general  plan  of  filtration  is  in  use  in  all  Pacific  Coast  steam 
engine  power  plants  having  surface  condensers,  and  has  been  success- 
ful for  a  period  of  years,  although  the  same  result  does  not  seem  to 
have  been  accomplished  in  Eastern  power  stations. 

26  In  view  of  the  scarcity  of  accurate  data  as  to  power-plant  per- 
formance, antl  the  great  difficulty  of  getting  authentic  reports  tend- 
ing either  to  prove  or  disprove  the  claims  for  various  types  of  prime 
movers,  it  is  to  be  regretted  that  a  commission  of  disinterested  engi- 
neers has  not  been  appointed,  to  cooperate  with  some  government 
bureau  in  obtaining  complete  data  pertaining  to  the  economy  of  all 
important  power  stations.  The  report  of  such  a  commission  would 
officially  stamp  the  correctness,  or  the  incorrectness,  of  the  economies 
claimed. 

27  The  writer  is  conversant  witli  conditions  in  many  Pacific  Coast 
plants,  and  would  be  glad  to  cooperate  with  such  a  commission. 


ARTICULATED  COMPOUND  LOCOMOTIVES 

By  C.  J.  Mellin.  Schenectady,  Published  in  The  Journal  for  December 
ABSTRACT  OF  PAPER 

A  locomotive  articulated  by  the  Mallet  method  consists  principally 
of  two  sets  of  engines  flexibly  connected  under  one  boiler,  the  rear, 
which  is  the  high  pressure  engine  of  two  cylinders,  fixed  rigid  with  the 
boiler  and  receiving  the  steam  direct  from  the  dome.  The  front  or 
low  pressure  engine,  also  provided  with  two  cylinders,  is  capable  of 
lateral  movement  to  adjust  itself  to  the  curvature  of  the  road  on  the 
same  general  principle  as  a  radial  truck.  The  high-pressure  engine 
exhausts  into  a  receiver  flexibly  connecting  the  cylinders  of  the  two 
sets  of  engines,  from  which  the  low  pressure  engine  receives  its  steam 
supply  and  is  exhausted  from  the  latter  through  a  flexible  pipe  to  the 
stack.  Each  cylinder  has  its  independent  valve  and  gear  connected 
to  and  operated  with  a  common  reversing  rigging. 

By  this  means  the  tractive  power  can  be  doubled  over  that  of  the 
ordinary  engine  for  a  given  weight  of  rail  with  a  substantial  saving  in 
fuel. 

Mr.  F.  J.  Cole.  The  type  of  locomotive  described  is  singularly 
well  adapted  to  a  wider  range  of  service  than  perhaps  any  other 
design.  It  was  originally  intended  for  narrow-gage  roads  of  light 
construction  built  for  military  purposes,  following  the  undulations  of 
the  country  without  grading,  necessitating  sharp  curves  and  steep 
grades,  in  combination  with  light  rails  and  the  greatest  economy  in 
the  construcion  of  track,  bridges,  etc.  The  characteristics  of  this 
design,  namely,  flexibility  and  uniform  distribution  of  weight  com- 
bined with  the  use  of  two  separate  engines  which  would  not  slip  at 
the  same  time,  rendered  the  design  very  attractive  for  these  narrow- 
gage  railroads. 

2  The  first  engine  of  this  class  was  built  about  the  year  1887  and 
at  the  present  time  there  are  approximately  500  running  in  Europe. 
Some  five  years  ago  the  Mallet  locomotive  was  introduced  in  this 
country  and  its  merits  and  efficiency  have  been  recognized  by  railroad 
men  wherever  they  have  been  put  in  service.      The  three  articu- 
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latecl  engines  designed  and  constructed  for  the  Erie  Railroad  for 
use  on  the  Susquehanna  grade,  of  the  0880  type,  are  the  heaviest 
and  most  powerful  locomotives  ever  built  and  operated, 

3  When  we  compare  the  early  locomotives  of  this  type  and  their 
work  on  light  narrow-gage  railroads,  with  those  built  last  year  for 
the  Erie  Railroad,  where  each  engine  took  the  place  of  three  standard 
100-ton  consohdations,  we  at  once  appreciate  the  great  range  to  which 
this  general  class  of  articulated  locomotives  is  adapted.  A  locomo- 
tive must  possess  peculiar  inherent  qualities  to  enable  it  to  perform 
so  satisfactorily  such  a  wide  range  of  service,  from  two-foot  narrow- 
gage  roads  to  main  line  work  on  leading  trunk  lines,  utilizing  the 
extreme  limits  of  axle  loads  and  adhesion. 

4  Some  of  these  distinctive  features  are : 

o.  Short  rigid  wheel  base,  ranging  from  about  2  ft.  8  in.  to 
14  ft.  3  in. 

b  Rigid  connection  of  high-pressure  steam-pipes  to  the  rear 
engine,  permitting  steam  connections  between  the  boiler 
and  cylinders  in  the  ordinary  way,  without  the  use  of 
flexible  connections. 

c  Flexible  steam  connections  to  the  low-pressure  cylinders, 
which  are  easily  kept  tight,  as  a  receiver  pressure  of  only 
about  70  lb.  has  to  be  provided  for  and  the  packing  for 
this  pressure  is  not  a  difficult  problem. 

d  Extreme  flexibility;  forward  group  of  driving  wheels, 
operated  by  low-pressure  cylinders,  swing  freely  when 
passing  curves. 

e  The  articulated  locomotive  is  essentially  a  compound  propo- 
sition presenting  many  advantages  over  the  use  of  four 
simple  cylinders.  These  engines  cannot  be.  designed  as 
simple  engines  and  work  as  satisfactorily  as  the  present 
arrangement  of  compound  cylinders,  because  this  would 
necessitate  the  use  of  high-pressure  flexible  steam  pipes 
and  introduce  other  complications. 

/  The  total  weight  being  carried  on  the  drivers,  makes  it  pos- 
sible to  use  a  very  high  tractive  power,  especially  valuable 
for  pushing  and  helping  service. 

g  Impossibility  of  both  engines  slipping  at  the  same  time,  the 
receiver  pressure  automatically  taking  care  of  this.  If 
the  high-pressure  engines  commence  to  slip,  the  receiver 
pressure  will  be  increased  and  produce  greater  back  pres- 
sui'e    on    the    high-pressure    pistons,    and    consequently 
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greater  pressure  will  be  admitted  to  the  low-pressure 
pistons,  resulting  in  alternating  slipping  from  one  engine 
to  the  other.     This  is  of  great  value  in  hill  climbing. 

5  Considering  the  matter  of  axle-loads,  this  type  presents  many 
advantages  because  from  four  to  eight  driving  axles  can  be  employed. 
The  limitations  of  the  consolidation  or  280  class  are: 

200,000  lb.  on  drivers,  50,000  lb.  axle  load 
220,000   "     "       "        55,000  " 
240,000  "     "       "        60,000  "       "       " 
In  the  decapod  or  2-10-0  type  we  have  these  limitations: 
250.000  lb.  on  drivers,  50,000  lb.  axle  load 
275,000   "     "       "        55,000  " 
300.000   "     "       "        60,000  " 

6  The  use  of  2-10-0  type,  however,  is  very  questionable  except 
with  small  wheels  on  account  of  the  extremely  long  rigid  wheel  base, 
with  its  necessary  accompaniment  of  extreme  flange-wear  and  fric- 
tion in  passing  any  but  the  longest  radii  curves.  With  the  Mallet 
articulated  engine  a  much  wider  range  of  driving  wheel  loads  is  per- 
missible.    The  0660  type  permits  the  following  loads: 

300,000  lb.  on  drivers,  50,000  lb.  axle  load 
330,000   "     "       "        55,000  "       "       " 
360,000  "     "       "        60,000  "       "       " 
The  0880  type  permits  the  following  weights  on  drivers: 
400,000  lb.  on  drivers,  50,000  lb.  axle  load 
440,000   "     "       "        55,000  " 
480,000  "     "       "        60,000  "       "       " 

7  The  above  figures  show  the  possibilities  of  building  locomo- 
tives of  enormous  tractive  power  larger  than  that  possessed  by  any 
other  type.  The  wide  range  of  permissible  axle-loads  and  the  great 
flexibility,  in  combination  with  the  economy  produced  by  compound- 
ing, especially  in  slow  service,  all  tend  to  make  the  design  particularly 
well  adapted  to  a  wide  range  of  work. 

8  The  ease  wdth  which  these  engines  are  fired  is  a  matter  of 
general  surprise.  This  is  largely  due  to  the  use  of  compounding, 
which  reaches  its  maximum  efficiency  at  slow  speeds  and  long  cut- 
offs, whereby  the  work  of  the  fireman  is  materially  reduced. 

9  In  ordinary  service,  especially  for  helping  and  pushing,  the 
entire  weight  is  needed  for  adhesion  and  no  useful  purpose  is  served 
by  the  additional  complication  of  leading  truck  wheels.  No  sharp 
flanges  have  developed  on  the  Jialtimore  &'Ohio  0660  type  after  four 
years  of  service.     This  locomotive  has  been  operated  24  hours  per 
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day  pushing  up  hill  and  backing  down  over  sharp  curves  without 
detrimental  effects;  while  the  ordinary  consolidations  in  use  on  this 
road  do  wear  their  flanges  badly.  This  proves  conclusively  the 
extreme  flexibility  of  this  type  and  its  ability  to  move  freely  around 
curves  without  the  use  of  guiding  wheels.  The  ease  with  which  a  six- 
wheel  Pullman  car  truck  passes  around  curves,  presenting  an  almost 
ideal  construction  for  this  purpose,  explains  this  freedom  from  flange 
wear.  It  can  readily  be  seen  that  the  front  low-pressure  engine  of 
the  Mallet  locomotive  of  the  0660  type  is  really  nothing  more  than  a 
large  six-wheel  truck  and  it  seems  quite  as  unnecessary  to  add  lead- 
ing truck  wheels  to  an  engine  of  this  kind  for  ordinary  conditions  as 
to  add  a  leading  wheel  to  the  six-wheel  car  truck. 

10  The  sliding  support  carrying  the  weight  of  the  boiler  is  located 
in  a  position  to  equalize  wheel  loads,  and  by  swinging  links  between 
the  front  of  the  rear  frames  and  the  back  of  the  front  frames,  extreme 
refinement  can  be  made  in  the  equalization  of  weight,  so  that  the  wheels 
may  be  equally  loaded.  The  employment  of  leading  or  trailing  truck 
wheels  does  not  seem  to  be  necessary  except  for  the  possible  use  in  road 
service  where  speeds  exceed  35  and  40  miles  an  hour  and  the  boiler 
requirements  are  such  as  to  make  it  impossible  to  utilize  the  entire 
weight  of  the  engine  for  adhesive  purposes.  The  only  justification 
for  their  use  seems  to  be  in  cases  where  the  extreme  boiler  capacity 
is  required.  In  the  operation  of  trains  at  good  speeds,  the  boiler 
capacity  is  the  chief  requirement  and  the  tractive  power  a  secondary 
consideration;  as  in  the  case  of  Atlantic  or  Pacific  engines,  where  a 
great  deal  of  adhesive  weight  is  sacrificed  for  the  purpose  of  obtaining 
greater  boiler  capacity. 

1 1  Two  years  ago,  in  discussing  Mr.  J.  E.  Muhlfeld's  paper  on  large 
electric  and  steam  locomotives  before  the  New  York  Railroad  Club, 
I  called  attention  to  some  advantages  of  this  design  for  heavy  service, 
among  which  were  the  following: 

a  Ease  of  turning  the  engine  around  on  a  "  Y"  of  23  deg.  with 
no  grinding  of  flanges  and  almost  entire  absence  of  flange 
friction,  the  engine  appearing  to  pass  the  curves  as  easily 
as  a  car  with  the  ordinary  forms  of  trucks. 

h  Absence  of  any  unusual  exertion  on  the  part  of  the  fireman  in 
maintaining  steam  pressure. 

c  The  power  reverse  gear  making  much  less  made  the  engine 
very  easily  operated,  so  tiiat  much  less  exertion  was 
really  requiredto  reverse  or  alter  the  cut-off,  which  involves 
moving  four  valves  therein  the  ordinary  two  cylinder 
engine. 
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12  The  question  of  guiding  trucks  was  also  considered,  and  the 
opinion  which  I  found  at  that  time  was  that  their  use  was  unneces- 
sary and  their  only  effect  would  be  to  complicate  the  design  with- 
out serving  any  useful  purpose.  The  two  years  which  have  elapsed 
since  that  time  have  merely  tended  to  confirm  this  opinion  and 
the  absence  of  flange  wear  on  the  front  driver  at  the  present  time 
bears  testimony  to  the  inherent  flexibility  of  this  design  for  use 
on  roads  having  sharp  curves. 

Mr.  Harrington  Emerson.  A  few  years  ago  Mr.  B.  J.  Arnold, 
a  prominent  electrical  engineer,  stated  that  there  was  no  known  way 
of  moving  freight  as  cheaply  as  by  putting  a  steam  locomotive 
ahead  of  a  train.  During  the  last  few  years  there  has  been  an 
attempt  by  electrical  engineers  to  rush  the  subject,  and  to  p'-etend 
that  the  steam  locomotive  is  obsolete.  They  proved  their  case  by 
assuming  ideal  conditions  for  the  installation  of  electric  traction, 
assuming  at  the  same  time  that  current  locomotive  practice  is  the 
best  obtainable. 

2  Two  things  have  occurred  in  recent  times  to  put  far  into  the 
future  this  electrification  of  all  railroads.  One  is  the  panic,  by  which 
railroad  managers  have  been  reminded  that  it  would  be  expensive 
to  depreciate  and  make  obsolete  all  their  existing  power  as  well  as 
round-houses  and  division  points:  the  other  factor  is  the  Mallet  type 
of  engine. 

3  Before  the  Mallet  was  developed,  locomotives  had  been  length- 
ened out  until  we  had  for  mountain  grades  the  famous  Santa 
Fe  t3'pe,  with  its  34-ft.  wdieel  bases.  That  locomotive  operated  very 
economically,  carrying  loads  for  less  than  any  electric  installation 
could  possibly  have  carried  them. 

4  I  I'emember  a  discussion  between  a  former  superintendent  of 
motive  power,  and  the  general  manager  of  the  Santa  F6  system, 
in  which  the  latter  accused  the  superintendent's  locomotive  of  spread- 
ing the  track  so  that  nothing  could  run  over  it.  The  superintendent 
replied  that  it  was  the  business  of  the  general  manager  to  keep  the 
track  in  order.  The  question  of  the  wheel  base,  which  was  the 
limiting  question  in  the  old  type  of  locomotive,  is  obviated  in  the 
Mallet  type,  so  that  for  many  years  the  Mallet  will  be  found  operating 
with  the  highest  economy  on  mountain  grades. 

5  There  is  a  difficulty  with  the  Mallet  that  was  also  experienced 
with  the  Santa  F6  type.  I  was  once  with  the  superintendent  when 
he  received  a  telearam  that  one  of  the  locomotives  was  off  the  track. 
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He  wired  to  find  what  speed  she  was  running  at,  and  the  reply  canie 
that  the  locomotive  was  not  running  at  all,  but  was  standing  still. 
Tiie  superintendent  remarked,  "  We  are  up  against  it  when  locomo- 
tives jump  the  track  when  standing  still."  That  difficulty  may  also 
be  experienced  from  the  heavy  weight  of  the  Mallet  on  drivers. 


Mr.  L.  R.  Pomeroy.  The  paper  and  discussion  thus  far  have  been 
confined  mainly  to  questions  of  design  and  construction.  The  speaker 
desires  to  call  attention  briefly,  to  some  of  the  commercial  advantages 
of  the  Mallet  type. 

2  Generally  speaking,  the  gain  to  be  expected,  from  the  substi- 
tution of  electric  for  steam  operation,  depends  greatl.y  on  the  density 
of  traffic  coupled  with  the  frequency  of  units.  And  further,  if  it  is 
not  possible  to  accomplish  by  electric  service  something  now  impossi- 
ble with  steam  service,  then  the  adoption  of  electric  service  is  not 
commercially  practical,  for  there  is  nothing  to  be  gained,  per  se,  by 
the  mere  substitution  of  one  kind  of  power  for  another. 

3  This  at  once  suggests  the  question  of  capacity.  On  certain 
mountain  grades  where  the  maintenance  of  expensive  helper  service  is 
necessary,  about  all  that  can  be  figured  out  in  favor  of  electric  haulage, 
owing  to  the  limited  volume  of  business  in  the  particular  case,  would 
be  that  the  tonnage  per  train  on  a  given  grade  or  section  could  be 
nearly  doubled,  or, the  train  mileage  halved,  without  a  corresponding 
increase  in  train-crew  expense. 

4  For  instance,  a  50-mile  mountain  section  having  a  maximum 
grade  of  2.2  per  cent,  with  seven  trains  per  day  in  each  direction. 
The  reduction  of  one-half  in  train  mileage  with  the  same  tonnage  at 
50  cents  per  train  mile,  the  rate  covering  the  items  directly  affected 
as  used  in  computing  the  saving  or  advantages  in  grade  reduction, 
would  amount  to  $65,000  per  annum,  and  this  amount  capitalized 
at  6  per  cent  would  equal  about  Si, 000. 000.  But  to  obtain  this  sav- 
ing electrically  the  complete  electric  apparatus  would  probably  cost 
consideral)ly  more  than  this  capitalized  amount,  whereas  the  requisite 
number  of  Mallet  compound  steam  locomotives  to  perform  the  service 
would  cost  about  one-third  of  the  amount  necessary  for  an  equivalent 
electric  service. 

5  To  state  the  case  anotlier  way,  i.e.,  based  on  train-crew  saving 
only,  leaving  out  entirely  all  other  advantages.  Tiie  total  of  14  trains 
is  the  equivalent  of  about  700  ti'ain  miles  per  day  and  the  cost  for 
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ti-iiin  crews  amounts  to  fronf  12J  to  15  cents  per  ti'ain  mile.  Then  the 
siiv'ing  per  annum  will  bo 

^"°  X  °-'^  X  "'^  =  $17,800 
2 

This  amount  capitalized  at  6  per  cent  equals  about  $300,000,  or 
more  than  enough  to  pay  for  tlie  required  number  of  Mallet  locomo- 
tives to  perform  the  service. 

6  The  foregoing  is  not  meant  to  be  a  reflection  on  electric  possibili- 
ties, per  se.  The  particular  case  cited  does  not  possess  the  inherent 
magnitude  of  business  to  warrant  or  justify  an  electric  proposition, 
but  it  does  show  that  until  future  conditions  change  there  are  a  great 
many  cases  where  the  Mallet  type  of  locomotive  will  serve  as  a  profit- 
able bridge  over  the  deep  chasm  between  present  conditions  and  the 
eventual  supremacy  of  the  electric  locomotive. 

Mr.  George  L.  Fowler.  As  I  was  coming  up  the  stairs  a  few 
moments  ago  I  met  Professor  Goss,  who  was  about  to  leave  the 
building,  and  he  asked  me  to  say  a  word  for  him.  He  wanted  me 
to  call  attention  to  the  fact  that  when  Mallet  designed  his  locomo- 
tive, it  was  designed  for  narrow  gage  roads,  and  for  comparatively 
light  traffic,  as  has  already  been  mentioned  in  the  discussion,  and 
when  an  attempt  was  made  to  apply  this  principle  to  the  tremen- 
dously heavy  locomotives  required  for  American  service,  such  as 
we  have  in  the  Great  Northern,  Baltimore  &  Ohio  and  Erie  engines, 
the  problem  assumed  a  magnitude  which  Mallet  probably  did  not 
consider  when  he  first  designed  his  engine,  so  that  in  taking  that 
principle  and  adapting  it  to  the  heavy  locomotives  of  American 
practice,  great  merit  must  be  given  to  the  designer  of  the  first  heavy 
Mallet  engine  in  this  country,  the  gentleman  who  presented  the 
paper  to  you  this  afternoon,  Mr.  Mellin,     This  is  for  Professor  Goss. 

Mr.  George  R.  Henderson.  The  only  thing  I  want  to  note  is 
the  necessity  in  these  large  engines  for  a  pretty  liberal  supply  of  fuel, 
and  possibly  a  liberal  supply  of  men  to  put  it  in,  unless  we  use  Uquid 
fuel,  or  have  some  mechanical  means  of  putting  coal  in  the  fire-boxes. 
Take  one  of  the  Mallet  engines  with  80,000  lb.  tractive  force,  and 
attempt  to  use  that  force  at  a  speed  of  anywhere  near  15  miles  an 
hour;  a  large  amount  of  coal,  five  tons,  or  10,000  lb.,  an  hour,  would 
be  called  for  in  the  fire-box,  and  I  think  it  is  time  for  those  interested 
in  mechanical  stokers  to  suggest  a  practical  means  of  supplying  this 
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fuel  to  the  engines,  so  that  they  may  riot  merely  pull  cars  at  slow 
speed,  but  give  a  fairly  good  return  in  horse  power  developed  for 
money  invested. 

Mr.  Alfred  Lovell.  The  Mallet  articulated  locomotive  presents 
an  opportunity  to  utilize  steam  by  double  expansion  without  increas- 
ing the  number  of  working-parts  over  those  required  for  single- 
expansion  engines  of  corresponding  weight  and  power,  and  to  increase 
further  the  economy  thus  secured,  by  the  introduction  of  superheat- 
ing; an  advantage  touched  upon  only  hghtly  by  the  author,  and 
deserving  of  a  more  complete  recognition. 

2  The  key-note  of  present-day  engineering  thought  and  activity 
is  the  conservation  of  resources,  as  was  impressed  upon  us  by  the 
valuable  address  of  the  President  of  the  Society  at  the  opening  of 
the   December  meeting. 

3  In  this  address  it  is  stated  that  under  the  best  conditions  that 
prevail  in  stationary  power  plants  not  more  than  15  per  cent  of  the 
heat  value  of  the  coal  used  is  utilized  in  actual  work  produced  at  the 
engine,  and  that  under  average  conditions  a  considerably  smaller 
percentage  is  realized.  The  best  conditions  referred  to  evidently 
contemplate  the  multiple  expansion  principle  in  the  use  of  steam. 
In  the  best  locomotive  practice  the  conditions  are  still  less  advan- 
tageous for  the  utilization  of  the  heat  value  of  fuel,  and  in  average 
locomotive  service  the  percentage  is  probably  much  less  than  in 
average  stationary  plants.  In  the  locomotive  tests  at  the  St.  Louis 
Exposition  in  1904,  the  work  at  the  draw  bar,  not  including  engine 
friction,  represented  a  percentage  of  the  heat  value  of  the  coal  rang- 
ing from  about  3y^^  per  cent  in  simple  engines  at  high  speed,  to  about 
8^'jj  per  cent  in  the  best  compound  engines  at  low  speed. 

4  Good  engineering  practice  thus  demands  that  locomotives  be 
so  designed  as  to  increase  to  a  maximum  the  utilization  of  the  heat 
of  the  fuel,  and  without  excessive  complication  that  might  result 
in  excessive  maintenance  cost,  or  delays  to  service. 

5  In  Europe  the  advantage  of  double  expansion  in  locomotive 
practice  has  long  been  recognized.  In  American  railway  service, 
the  last  twenty  years  have  demonstrated  absolutely  that  the  com- 
pound use  of  steam  in  locomotive  service  results  in  a  substantial 
saving  of  fuel,  the  percentage  ranging  from  5  to  40  per  cent,  accord- 
ing to  the  character  and  conditions  of  service.  It  has  also  been 
demonstrated  that  in  long  continued  service,  covering  several  years, 
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boiler  repairs  are  less  with  the  compound,  due  to  less  demarul  for 
steam  and  milder  exhaust. 

6  When  the  compound  locomotive  was  first  built  with  four  cylin- 
ders and  their  complement  of  pistons,  piston  rods,  and  rod  and  valve 
packing  it  was  found  that  notwithstanding  the  decreased  boiler  wear, 
the  liability  to  disorder  from  breakage  or  wear  of  engine  parts,  on 
account  of  the  slightly  increased  number  of  wearing  parts,  sometimes 
quite  offset  the  advantage  of  fuel  economy.  The  cross  compound  or 
two-cylinder  type,  liigh-pressure  on  one  side  and  low-pressure  on 
the  other,  was  expected  to  overcome  this  objection,  and  these  were 
built  in  considerable  numbers  for  several  years  succeeding  1895. 

7  Experience  proved  that  under  certain  conditions  this  latter 
type  developed  unequal  or  twisting  strains  in  the  opposite  sides, 
sometimes  resulting  in  breakage  of  frames  and  other  parts.  Moreover, 
the  demand  for  increased  size  of  units  of  power  soon  brought  the 
low  pressure  cylinder  in  the  two-cylinder  compound  to  the  limit  of 
size  permissible.  The  result  was  a  further  development  of  four- 
cylinder  compounds,  and  the  tandem  and  balanced  compound  types 
were  produced. 

8  Both  of  these  types  are  good  fuel  savers,  and  are  free  from 
some  of  the  objectionable  features  of  the  earlier  types,  while  the 
tandem  gives  opportunity  to  construct  units  of  great  size  and  power. 
Yet  the  slightly  greater  number  of  working  parts,  and  the  anticipated 
or  actual  difficulty  of  reaching  some  of  these  parts  in  making  running 
repairs,  cause  many  to  reject  them  and  to  perpetuate  the  wasteful 
method  of  using  the  steam  single  expansively. 

9  The  articulated  compound  locomotive  bids  fr.'r  to  overcome 
these  objections  entirely.  This  locomotive  is  in  effect  two  engines 
with  one  large  boiler  and  one  fire-box.  The  two  engines  together 
use  the  steam  double  expansively,  and  with  no  more  cylinders  and 
working  parts  than  two  single-expansion  engines.  Boiler  repairs 
should  be  relatively  small  since  the  minimum  of  steam  is  required 
and  the  exhaust  is  mild.  Wearing  parts  of  engines  are  easily  acces- 
sible. 

10  One  engineer  operates  both  engines  as  readily  as  one  four- 
cylinder  engine.  Owing  to  the  economical  use  of  steam,  one  fire- 
man can  stoke  a  locomotive  of  this  type  having  very  large  tractive 
power.  The  type  thus  provides  means  for  the  economical  use  of 
fuel  with  a  minimum  of  labor  and  no  increase  of  disorder  delays,  or 
in  engine  repair  cost,  and  with  a  probable  reduction  in  boiler  repair 
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cost  as  compared  with  single-expansion  locomotives  of  correspond- 
ing power. 

1 1  Superheating  of  steam  in  locomotive  practice  has  been  shown 
to  effect  fuel  economies  in  single-expansion  locomotives  nearly  or 
quite  equal  to  those  secured  by  compounding.  It  is  probable  that 
with  proper  arrangements  a  combination  of  double-expansion,  and 
of  superheating  the  steam  before  using,  or  reheating  it  between  the 
high  and  low  pressure  cylinders,  will  give  greater  fuel  economy  than 
either  compounding  or  superheating  alone.  The  flexibility  of 
arrangement  possible  in  this  type  of  locomotive  presents  a  most 
advantageous  opportunity  for  this  combination. 

12  The  necessities  of  the  future  will  demand  in  locomotive  prac- 
tice the  greatest  possible  conservation  of  skilled  labor  and  of  fuel,  and 
for  the  reasons  mentioned  the  Mallet  articulated  compound  locomo- 
tive is  worthy  of  the  spirit  of  the  day,  and  will  perform  an  important 
part  in  the  economies  of  the  future. 

Mr.  8.  M.  Vauclain  exhibited  a  large  number  of  lantern  slides 
of  which  he  gave  an  interesting  running  account  by  way  of  discus- 
sion of  the  paper.  These  related  to  the  initial  work  of  Mallet  in  the 
development  of  the  type  of  locomotive  that  bears  his  name  and  to 
locomotives  of  this  type  built  by  the  Baldwin  Locomotive  Works. 
He  said:  "It  is  not  my  purpose  to  criticise  the  admirable  paper  of 
Mr.  Mellin;  but  merely  to  preface  my  discussion  with  remarks  to 
the  effect  that  I  do  not  coincide  with  the  author  in  all  his  conclu- 
sions or  in  his  treatment  of  the  principles  upon  which  Mr.  Mallet 
has  spent  so  many  years  of  his  most  useful  career.  One  design 
of  this  most  flexible  type  of  locomotive  may  be  so  ti-eated  as  to  in- 
clude many  devices  considered  entirely  unnecessary  by  .the  inventor, 
yet  on  the  other  hand  it  is  quite  natural  to  make  additions  or  changes 
common  to  American  practice  and  suggested  by  years  of  experience 
on  American  roads.  It  is  not  my  purpose  to  discuss  the  details  of 
the  paper  l)ut  to  add  what  is  most  lacldng,  a  historical  sketch  giving 
the  fullest  honor  to  the  original  inventor,  and  to  show  the  develop- 
ment of  the  sul)ject  in  the  United  States  from  the  standpoint  of  our 
progressive  raih'oad  men. 

2  "It  was  Mallet  who,  in  1 875,  started  the  era  of  economics  in 
locomotive  building  destined  to  keep  all  minor  lights  in  locomotive 
building  fully  occupied.  He  did  this  by  means  of  a  two-cylinder  or 
cross-compound  locomotive  of  Roentgen  type  built  at  Creusot  for  the 
Bayonne    &    Biarritz    Railway.     In  1877  he  recognized  the  ineffi- 
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ciency  of  this  type,  since  proved  in  America,  and  adopted  the  more 
sensible  four-cylinder  tandem  type.  But  so  rapidly  did  his  mind 
work  that  dui'ing  the  same  year  he  changed  from  the  tandem  type 
to  one  in  which  the  cylinders  were  coupled  to  separate  systems  of 
wheels  and  operated  independently,  but  with  one  supply  of  steam. 
His  idea  was  either  to  use  a  rigid  frame  or  to  articulate.  The  De- 
Glehm  engines,  the  first  of  which  was  built  in  1885  for  the  Chemin  de 
Fir  du  Nord  and  later  for  the  Paris,  Lyons  &  Mediterranean,  were 
of  the  former  or  solid-frame  pattern.  He  shortly  thereafter  success- 
fully introduced  the  articulated  frame  which  is  considered  a  charac- 
teristic feature  of  the  ty})e  which  now  bears  his  name,  and  we  owe 
to  Mr.  Mallet  all  the  honor  that  may  ensue  from  its  introduction  in 
this  country.  It  is  to  be  regretted  that,  like  Walschaerts,  Mallet  is 
unable  to  realize  the  full  benefit  of  his  inventions,  owing  to  the  time 
limit  of  the  patent  law. 

3  "  The  Baldwin  Locomotive  Works  recognized  the  merit  of  Mal- 
let's invention  and  in  1889  made  a  careful  investigation  of  the  engine 
used  by  the  Decauville  Railway  at  the  Paris  Exposition.  Numer- 
ous efforts  were  made  to  interest  both  foreign  and  domestic  railroads, 
and  INIr.  INIallet  personally  assisted  in  planning  the  general  types. 
The  first  design  for  a  domestic  road  was  submitted  to  the  Erie  Rail- 
road in  1898,  and  it  was  at  that  time  considered  a  very  heavy  loco- 
motive. 

4  Many  designs  were  worked  out  for  J.  W.  Kendrick,  Second 
Vice-President  of  the  Atchison,  Topeka  &  Santa  Fe  Railway.  The 
later  designs  of  this  series  had  an  intermediate  chamber  to  overcome 
the  objectionable  length  of  tubes,  fire-box  combustion  chamber,  and 
leading  and  trailing  trucks.  In  one  of  the  designs  for  passenger 
service  it  was  intended  to  produce  a  locomotive,  with  superheater, 
of  sufficient  power  for  the  heaviest  train  on  grades  of  two  per  cent 
and  less. 

5  The  design  finally  proposed  by  Mr.  Kendrick  had  a  reheater 
Ijetween  the  high  and  low  pressure  cylinders  through  which  the  steam 
must  pass  on  the  way  to  the  low-pressure  engine,  and  also  a  feed- 
water  heater.  The  cylinders  in  this  engine  face  each  other  as  in 
previous  design  for  freight  service. 

6  Designs  were  proposed  for  freight  service,  embodying  the 
jointed  boiler  feature  having  cylinders  facing  each  other,  open  com- 
bustion chamber  covered  by  a  movable  cap,  etc.  The  design  finally 
adopted  for  freight  service  for  this  railroad  had  a  reheater,  super- 
heater and  feed-water  heater,  and  a  detachable  front  section  making 
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all  pai'ts  readily  accessible.  The  final  type  agreed  upon  for  pas- 
senger service  has  five  pairs  of  driving  wheels,  a  four-wheel  leading 
truck  and  a  two-wheel  trailing  truck. 

7  One  of  the  first  to  recognize  the  merit  of  the  Mallet  type  of 
locomotive  was  J.  J.  Hill,  who  ordered  five  of  these  locomotives.  A 
design  of  a  locomotive  without  a  truck  was  first  submitted,  but  he 
demanded  a  trailing,  as  well  as  a  leading,  truck,  and  experience  with 
this  arrangement  has  proven  his  diversion  from  previous  practice  to 
be  justified.     This  was  also  in  accordance  with  our  own  preference. 

8  On  the  Great  Northern  Railway,  67  engines  of  the  Mallet  type 
are  now  in  use  worldng  on  grades  of  from  0.6  per  cent  to  2.2  per  cent. 
The  speaker  had  received  from  Geo.  H.  Emerson,  Superintendent  of 
Motive  Power  of  this  road,  data  upon  the  performance  of  some  of 
these  engines,  which  he  submitted  in  abstract.  These  are  given  in 
full  under  Mr.  Emerson's  name  in  the  discussion  immediately  follow- 
ing. 

9  Engines  designed  for  service  on  the  Mexican  Central  were  then 
referred  to,  and  a  resume  was  given  of  designs  proposed  for  the 
Southern  Pacific  and  worked  out  at  the  solicitation  of  J.  Krutt- 
schnitt.  The  first  design  had  no  trucks,  no  tender  side  tanks  being 
employed.  The  side  tanks,  however,  reduced  the  boiler  capacity 
and  the  coal  box  was  inadequate.  The  second  design  provided  for 
separate  cabs  for  the  engineer  and  the  fireman.  The  engineer  was 
placed  forward  and  the  fireman  in  the  rear.  A  combustion  chamber 
was  employed  in  the  third  design  in  order  to  reduce  the  length  of 
flues  to  a  reasonable  figure.  The  fourth  design  was  made  to  over- 
come the  objection  of  small  driving  wheels;  in  it  were  employed  all 
the  possible  details  of  the  Harriman  common  standards.  This 
design  shows  a  logical  outcome,  and  two  locomotives  of  the  type  are 
now  in  the  course  of  construction.  The  low-pressure  cylinders  are 
detachable,  the  boiler  is  separable  and  the  steam  from  the  high  to  the 
low  pressure  cylinders  passes  through  a  Vauclain  reheater, 

10  In  closing,  the  speaker  referred  to  a  special  design  of  his  own, 
differing  from  that  of  the  Mallet  type  previously  noted,  in  having  a 
flexible  boiler  instead  of  provision  for  sliding  contact  for  the  front 
end  of  the  boiler  to  the  supporting  member  of  the  frame,  providing 
the  necessary  lateral  movement  in  rounding  curves.  The  boiler  is 
in  two  sections,  each  firmly  secured  to  its  own  cylinders,  and  frames 
hinged  after  the  Mallet  design,  but  the  two  sections  of  the  boiler 
joined  by  a  flexible  connection  between  the  two  smoke  chambers 
containing  the  superheater  and  the  reheater. 


ARTICULATED    COMPOUND    LOCOMOTIVES  775 

Mr.  G.  H.  Emerson.  In  October  1906  the  Great  Northern  Rail- 
way received  five  large  Mallet  engines,  the  two  high-pressure  cylinders 
being  21^  in.  in  diameter  by  32  in.  stroke,  the  two  low-pressure  cylin- 
ders located  on  forward  engine  33  in.  in  diameter  by  32  in.  stroke: 
boiler  pressure  200  lb.;  weight  on  drivers  316,000  lb.;  total  weight  of 
engine  and  tender  loaded  503,200  lb.;  diameter  of  drivers  55  in.; 
engine  having  two-wheel  pony  truck,  three  pairs  of  di'ivers  on  front 
engine  with  three  pairs  of  drivers  followed  by  two-wheel  trailer  on 
rear  engine;  boiler  having  total  heating  surface  of  5700  sq.  ft.  and 
grate  area  of  78  sq.  ft.;  maximum  rigid  wheel  base  on  either  engine, 
10  ft.     This  engine  will  be  referred  to  hereafter  as  class  L-1. 

2  The  largest  engines  heretofore  used  by  this  company  were 
the  consolidation  F-class  having  cylinders  20  by  32;  carrying  210  lb. 
boiler  pressure;  180,000  lb.  on  driver;  total  weight  of  engine  and 
tender  318,000  lb.;  total  heating  surface  of  boiler  2768.4;  total  grate 
area  59.2;  diameter  of  drivers  55  in. 

3  The  five  large  class  L-1  Mallets  above  referred  to  were  pur- 
chased as  helpers  on  heavy  grades  and  were  placed  in  service  on  the 
Cascade  Mountains  between  Skykomish  and  Leavenworth,  where  the 
ruling  grade  is  2.2  per  cent.  East  from  Skykomish  there  are  22 
miles  of  continuous  2.2  per  cent  grade  with  a  let-up  through  the 
Cascade  Tunnel  of  1.7  for  a  distance  of  three  miles.  West  from 
Leavenworth  there  is  almost  a  continuous  grade  of  2.2  per  cent  for 
a  distance  of  32  miles  ending  at  Cascade  Tunnel  station.  The  engines 
were  put  to  work  on  this  hill  in  helper  service  to  take  the  place  of 
the  consolidation  F-8  type  as  pusher  and  to  help  an  F-8  engine  used 
in  road  service  between  Leavenworth  and  Delta,  a  distance  of  109 
miles, 

4  The  engines  were  so  large  they  could  not  be  taken  care  of  with 
the  facilities  provided.  As  they  could  not  be  turned  around  with- 
out providing  further  facilities,  they  were  designed  with  pon}-  truck 
in  front  and  trailer  behind  and  during  the  first  winter's  service,  there- 
fore, they  were  not  turned  nor  were  they  taken  into  a  roundhouse. 

5  Soon  after  receiving  these  engines  tests  were  made  to  deter- 
mine the  tonnage  which  they  could  handle,  and  their  economy  as 
compared  with  the  consolidation  engine.  One  L-1  was  first  used  as 
a  helper  engine  with  an  F-8  as  a  road  engine  and  it  was  found  that  the 
two  engines  could  easily  handle  1300  tons  up  the  mountain.  It  was 
further  developed  that  while  the  F-8  handled  only  500  the  L-1  han- 
dled 800  tons  of  the  train,  using  no  more  coal  with  this  load,  and  in 
fact  somewhat  less,  than  the  consolidation  with  her  part  of  the  train. 
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6  The  first  winter's  performance  was  so  favorable  to  the  Mallet 
engine,  both  from  an  operating  and  a  maintenance  standpoint,  that 
arrangements  were  made  for  additional  Mallets,  as  it  had  been  decided 
they  could  be  used  in  road  service  as  well  as  on  hill  service,  and  in 
May  1907  25  road  Mallets  were  received,  somewhat  smaller  than 
the  first  ones  purchased,  their  high-pressure  cylinders  being  20  by 
30;  low  pressure  31  by  30,  200  lb.  boiler  pressure;  250,000  lb.  on 
drivers;  total  weight  of  tender  and  engine  451,000;  total  heating  sur- 
face 3914;  grate  area  53.4  sq.  ft.  The  general  design  of  this  engine 
was  the  same  as  that  of  the  former  one,  except  that  it  was  of  smaller 
dimensions,  and  the  boiler  provided  on  the  engine  was  identical  with 
the  boiler  used  on  Prairie  and  Pacific  engines  having  cylinders  22  by 
30  with  69-in.  drivers,  carrying  210  lb.  steam  pressure.  This  last  (,r 
road  class  will  hereafter  be  designated  as  L-2. 

7  These  engines  were  put  in  service  on  a  section  of  the  road  where 
there  is  a  1  per  cent  grade  and  showed  themselves  so  economical  that 
in  May  1908  further  Mallet  engines  were  received  as  follows:  17  type 
L-1  and  20  type  L-2,  it  having  been  decided  to  extend  the  use  of  the 
Mallet  engines  to  districts  having  grades  as  low  as  0.72  per  cent. 

PERFORMANCE  ON  CASCADE  DIVISION 

8  Distance  from  Leavenworth  to  Everett,  108.70  miles;  ruling 
grade,  both  directions,  2.2  per  cent;  total  ascent:  west,  2192,  east, 
3376. 

9  On  the  main  line  of  the  Cascade  Division  between  Leavenworth 
and  Everett,  the  Mallet  class  L-1  engine  has  superseded  the  consoli- 
dation F-8  class.  As  explained  in  Par.  3,  the  large  Mallets  were  first 
introduced  on  the  hill  between  Skykomish  and  Leavenworth  witli 
consolidation  train  engine  and  L-1  helpers  used  on  the  hill  only.  Up 
to  the  present  time  the  tonnage  taken  over  this  mountain  has  been 
gra(huilly  increased  from  1050,  with  two  consolidation  engines,  to 
1600  tons  now  being  hauled  with  L-1  engines.  The  L-1  engines  have 
replaced  the  consolidation  engines  and  it  is  now  the  practice  to  start 
out  from  Everett  with  one  L-1  engine  used  as  a  road  engine  taking 
1600  tons  as  far  as  Skykomish  over  a  ruling  grade  of  one  per  cent. 
At  Skykomish  another  L-1  is  put  on  as  a  pusher  and  the  two  engines 
take  the  1600-ton  train  over  the  mountain.  The  tonnage  hauled  in 
the  opposite  direction  is  the  same  and  the  L-1  or  large  Mallet  helper 
has  proved  herself  not  only  worthy  of  helper  service,  but  a  good 
reliable  road  engine,  and  the  coml)ination  of  road  and  helper  service 
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works  out  admirably  on  this  division,  making  it  unnecessary  going 
east  to  reduce  tlie  tonnage  at  Skykomish  in  order  to  get  over  the 
heavv  grade. 

10  Recent  perfornumce  shows  that  on  a  round  trip  over  this 
division  the  L-1  engines  handled  1600  tons  with  a  total  of  43|  tons 
of  coal  or  equivalent  to  25.13  lb.  of  coal  per  100-ton  mile.  The  F-8 
consolidation  type  could  handle  only  a  1050-ton  train,  with 
practically  the  same  amount  of  coal,  or  equivalent  to  38.29  lb.  of 
coal  per  100-ton  mile.  In  other  words,  the  tonnage  on  this  division 
has  been  increased  at  least  52  per  cent  with  a  saving  of  34.39  per  cent 
lb.  of  coal  per  100-ton  mile,  due  to  the  Mallet  engine.  The  pusher 
engines  on  this  district  are  allowed  only  switching  mileage,  that  is, 
6  miles  per  hour  while  in  actual  service,  and  for  this  reason  it  is  some- 
what hard  to  make  a  comparison  with  other  engines,  as  they  will 
take  the  1600-ton  train  over  the  mountain  on  the  hardest  pull  at  a 
speed  of  not  less  than  8  miles  per  hour. 

11  A  good  showing  in  repairs  is  made  by  the  average  of  22.33 
cents  per  mile  for  the  year  ending  June  30,  1908,  especially  when  it 
is  considered  that  during  this  period  the  engines  were  exclusively 
in  pusher  service.  Since  putting  L-1  large  Mallets  in  road  service  to 
replace  all  the  consolidation  type,  the  performance  has  been  so  satis- 
factory that  only  four  are  now  used  as  pushers  exclusively,  two  as 
helpers  over  the  Cascade  mountains  and  two  on  the  Butte  Division 
in  transfer  service, 

PERFOKMANCE    ON    SPOKANE    DIVISION 

12  Distance  from  Spokane  to  Leavenworth:  197.40  miles;  ruling 
grade,  both  directions,  1.0  per  cent;  total  ascent:  west,  1351,  east 
2186. 

13  The  1600  tons  delivered  from  Cascade  Division  at  Leaven- 
worth are  here  reduced  to  1450.  A  small  Mallet  L-2  takes  this  train 
to  Hillyard,  a  distance  of  about  202  miles.  Here  too  the  hauling 
capacity  of  the  Mallet  engine  has  made  possible  an  increase  in  ton- 
nage from  1100  tons  hauled  by  the  consolidation  to  1450  tons,  an 
increase  of  31.8  per  cent.  The  run  is  so  long  that  this  tonnage  of 
1450  has  been  established  by  this  division  in  order  to  get  trains  over 
the  district  in  a  reasonable  time.  Engines  have  not  been  loaded 
down  to  mere  drags,  but  the  L-2  Mallet  engine  handles  this  tonnage, 
from  8  to  10  miles  per  hour  on  the  heaviest  hills,  up  to  30  miles  per 
hour  over  portions  of  the  district  where  the  grade  is  not  so  hard. 
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The  performance  for  the  year  ending  June  30,  1908,  shows  22.04  lb. 
of  coal  per  100-ton  mile  on  this  district,  a  saving  of  27.5  per  cent 
over  a  consolidation. 

PERFORMANCE    ON    KALISPELL   DIVISION 

14  Distance  from  Cutbank  to  Wliitefish,  127.88  miles:  ruHng 
grade:  west,  1.0,  east,  1.8  per  cent;  total  ascent:  west  1613,  east 
2305. 

15  On  the  Kalispell  Division,  which  is  the  next  division  east 
where  Mallet  engines  are  used,  the  L-2  engine  takes  a  train  of  1700 
tons  from  Whitefish  to  Essex,  where  the  ruling  grade  is  0.8  per  cent. 
At  Essex  a  large  L-1  helper  is  put  on  to  help  the  train  up  to  Summit, 
a  distance  of  18  miles,  where  the  ruling  grade  is  1.8  per  cent.  West 
bound,  L-2  engine  takes  a  train  of  1450  tons  from  Cutbank  to  White- 
fish,  ruling  grade  being  1  per  cent.  On  this  district  replacement  of 
the  F-9  class  consolidation  by  the  Mallet  engine  has  increased  the 
tonnage  20  per  cent  with  a  corresponding  reduction  in  coal  per  100- 
ton  mile  of  20.7  per  cent. 

PERFORMANCE    ON    MONTANA    DIVISION 

16  Distance  from  Havre  to  Cutbank,  129.37  miles;  ruling  grade: 
west  1.0,  east  0.8;  total  ascent:  west  1952,  east  712. 

17  From  Cutbank  to  Havre,  another  L-2  Mallet  engine  carries 
through  the  1700  tons  delivered  from  the  Kahspell  Division.  Going 
Avest  from  Havre,  the  L-2  road  Mallet  handles  1450  tons.  The  round 
trip  on  this  division  with  L-2  engine  is  made  with  32  tons  of  coal, 
or  equivalent  to  15.75  lb.  of  coal  per  100-ton  mile.  F-7  consolida- 
tion previously  used,  requiring  the  same  amount  of  coal,  handled 
only  1200  tons  west  and  1425  east,  or  equivalent  to  18.9  lb.  of  coal 
per  100-ton  mile,  showing  a  decrease  by  the  use  of  the  Mallet  engine 
of  16.6  per  cent  of  coal  per  100-ton  mile,  and  an  increase  of  20  per 
cent  tonnage. 

PERFORMANCE    ON   MINOT    DIVISION 

18  Distance  from  Minot  to  Wilhston,  120.83  miles;  ruling  grade 
both  directions,  0.72  per  cent;  total  ascent:  west  1069.7,  east  777.1. 

19  Here  the  L-2  small  Mallet  has  replaced  the  F-8  consoUdation, 
having  increased  tonnage  from  1600  to  2200.  The  L-2  engine  makes 
the  round  trip  on  30  tons  of  coal,  or  equivalent  to  11.29  lb.  of  coal  per 
100-ton  mile  as  against  15.49  lb.  of  coal  per  100-ton  mile  for  consoli- 
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dation,  having  increased  tonnage  37.5  per  cent  with  poiforinance 
of  27  per  cent  less  coal  per  100-ton  mile. 

PERFORMANCE    ON    BUTTE    DIVISION 

21  There  are  now  two  L-1  engines  in  transfer  service  between 
Butte  and  Woodville,  where  the  ruUng  grade  is  2.2  per  cent.  Their 
performance  compares  very  favorably  with  that  on  the  Cascade 
Division. 

22  The  L-2  engines  have  done  good  road  service  between  Clanc}^ 
and  Woodville,  on  this  division,  replacing  the  F-8  engines  where  the 
tonnage  was  increased  from  550  to  700  tons  going  west  over  a  2.2  per 
cent  grade  and  from  1200  to  1650  going  east.  Owing,  however,  to 
another  part  of  this  branch  having  been  washed  out  in  the  early 
summer,  and  track  conditions  not  allowing  for  the  handling  of  heavy 
trains  east  of  Clancy,  the  Mallet  engines  between  Clancy  and  Wood- 
ville were  taken  to  other  divisions  until  such  time  as  the  handhng 
of  heavy  trains  on  this  district  would  be  warranted.  The  two  Mallets 
in  transfer  service  between  Butte  and  Woodville,  however,  are  still 
retained  in  service  and  are  doing  business  formerly  done  by  five 
consolidations. 

GENERAL 

23  The  performance  of  Mallet  engines  above  referred  to  by  divi- 
sions shows  their  economy  in  fuel,  also  how  they  have  increased  the 
tonnage  per  train  and  thus  cut  down  the  cost  of  train  service,  as  it 
may  be  said  that  two  trains  with  Mallet  engines  have  replaced  three 
trains  hauled  with  consolidations. 

24  The  cost  of  maintenance  one  would  naturally  expect  to  be 
higher  on  the  Mallet  engines,  but  for  the  year  ending  June  30,  1908, 
the  cost  of  repairs  on  the  L-2  road  engines  was  10.47  cents,  which 
we  do  not  think  at  all  excessive  when  it  is  considered  that  we  have 
two  pairs  of  cyhnders  and  two  engines  but  only  one  boiler  to  main- 
tain. The  cost  of  maintenance  on  consolidation  engines  in  the  same 
service  is  very  seldom  less  than  eight  cents  per  mile. 

25  Another  feature  which  has  been  noticed  from  the  start  is  that 
the  Mallet  engine  is  not  at  all  hard  on  draw  bars,  principally  because 
it  is  not  possible  in  starting  a  train  to  shp  both  sets  of  drivers  at  the 
same  time,  so  that  the  train  is  not  jerked  as  it  would  be  by  a  simple 
engine  slipping  and  catching.  When  the  Mallet  engine  does  slip  it 
is  usually  the  high-pressure  engine  which  slips  first.  This  naturally 
builds  up  the  receiver  pressure  and  will  cause  the  low-pressure  engine 
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to  slip  until  the  receiver  pressure  is  worked  down  and  the  engines  get 
down  to  equal  work. 

26  The  tire-wear  on  these  engines  is  very  light  and  the  flange- 
wear  is  also  not  excessive.  In  fact,  Mallet  engines  have  been  put  in 
on  some  districts  where  the  flanges  on  consolidations  would  cut  badly, 
and  no  appreciable  flange  wear  has  been  noticed  on  the  Mallets,  no 
doubt  on  account  of  the  short  rigid  wheel-])ase  as  well  as  the  guid- 
ing pony  truck.  It  is  hardly  necessary  to  state  that  the  Mallet  engine 
with  its  rigid  wheel  base  of  only  10  ft.  and  axle  load  not  to  exceed 
50,000  is  not  hard  on  the  track. 

27  We  still  have  in  service  two  of  the  first  L-1  Mallet  engines, 
which  have  never  yet  been  in  the  shop  for  general  overhauling,  in 
fact,  have  never  been  off  their  wheels,  but  have  been  in  continual 
service  since  October  1906,  with  the  exception  of  light  roundhouse 
repairs.  The  above  performance  would  seem  somewhat  exaggerated, 
in  fact  the  correctness  of  these  statements  has  very  naturally  been 
questioned  on  several  occasions  by  motive  power  officials  not 
acquainted  with  the  Mallet  engines.  Fortunately,  however,  some, 
of  them  have  had  the  privilege  of  investigating  for  themselves  and 
I  think  it  can  be  fairly  stated  that  no  one  who  has  seen  them  in  oper- 
ation has  been  disappointed  with  their  performance.  While  not 
wishing  to  say  anything  to  retard  the  progress  of  the  electric  locomo- 
tive, we  cannot  help  feeling  that  the  introduction  of  the  Mallet  engine 
has  set  back  the  introduction  of  the  electric  locomotive  for  a  great 
deal  of  hill  service,  as  the  Mallet  performance  has  set  a  new  figure 
for  economical  performance. 

The  Author.  It  seems  from  the  discussion  that  the  only  point 
of  difference  in  opinion  is  whether  a  truck  should  be  used  or  not.  Its 
necessity  cannot  be  proved  by  simply  putting  it  there,  but  by  omitting 
it,  and  the  numerous  cases  of  observation  of  engines  properly  designed 
with  the  omission  of  the  truck  prove  conclusively  that  it  is  not 
required,  and  have  in  every  way  borne  out  the  argument  made  in 
the  paper  for  its  omission.  If  a  railroad,  however,  insists  on  having 
the  truck  and  carries  the  responsibility  for  the  service  of  the  engine, 
it  will  of  course  have  to  be  applied,  but  they  would  do  better  to 
leave  it  off,  as  it  necessarily  reduces  the  efficiency  of  the  engine  by  its 
added  resistance. 

2  Mr.  Vauclain  said  that  European  builders  have  applied  the 
trucks  on  this  type  of  engine,  but  so  far  as  this  is  done  it  has  generally 
been  confined  to  engines  with  only  two   pairs  of  driving  wheels  in 
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each  sot  of  engines,  iuul  where  the  curvatures  have  l)een  so  sharj) 
that  so  short  a  wheel  has  been  considered  insufficient  for  the  safe 
guiding  of  the  engine,  or  in  some  cases  where  the  builders  and  the 
roads  ordering  such  engines  have  been  in  doubt  as  to  their  qualifica- 
tions and  have  therefore  added  the  trucks  as  a  safeguard. 

'A  The  oldest  and  most  successful  users  and  builders  of  this  type 
of  engine  do  not  ajiply  the  truck,  Avith  an  occasional  exception  of  the 
two-axle  class  referred  to   aliove. 

4  I  heard  with  i^leasure  Mr.  Vau'clain's  high  tribute  to  Mr.  Mallet, 
in  which  I  join  most  heartily  and  hope  that  he  may  live  to  see  his 
labor  fully  recognized,  which  is  seldom  the  case  with  the  prominent 
men  who  are  in  advance  of  their  contemporaries.  In  regard  to  the 
cross-compound  engine,  however,  Mr.  Vauclain's  statement  that  it 
has  proved  to  be  on  a  wrong  principle  will  need  some  modification, 
so  far  as  this  continent  is  concerned.  There  are  cross-compound 
locomotives  in  use  which  have  shown  for  years  a  saving  in  fuel  of 
from  25  to  40  per  cent  from  the  start  to  the  present  day.  One  of  the 
greater  trunk  lines  has  for  the  last  ten  years  built  this  type  of  engine 
exclusively,  for  its  heaviest  freight  service,  amounting  to  several 
hundred  engines,  and  has  found  by  frequent  and  thorough  tests  (the 
latest  within  the  last  few  months)  that  performances  are  as  good 
today  as  they  were  ten  years  ago,  these  engines  hauling  45  per  cent 
moi-e  load  than  the  simple  engines,  to  the  same  amount  of  fuel.  They 
find  them  also  considerably  easier  on  repairs,  using  one  set  of  tubes, 
to  two  sets  on  the  corresponding  simple  engine,  and  they  make  20 
to  30  per  cent  more  mileage  between  the  repairs.  These  facts  can 
be  verified  by  anyone  interested,  by  personal  inspection,  as  they  are 
in  service  every  day,  and  I  have  no  doubt  but  that  the  officials  of  the 
road  will  give  an}'  desired  information  about  them. 

5  The  continuously  increasing  weight  of  the  locomotive  in  general 
necessitated  the  compound  to  follow,  and  when  220  000-lb.  engines 
were  required,  the  size  of  the  L.  P.  cylinder  became  too  large  for  the 
limited  clearances  on  most  roads;  the  articulated  type  of  engine 
described  is  simply  an  outgrowth  or  duplication  thereof  in  all  its 
essential  features  and  advantages,  with  the  adoption  of  the  Mallet 
principle  of  articulation.  With  the  expectation  that  the  discussion 
would  bring  forth  some  particulars  as  to  the  performance  of  this 
engine,  reference  to  it  was  purposely  omitted  from  the  text  of  the 
paper,  and  a  few  points  of  comparison  with  the  100-ton  simple  engines 
used  in  the  same  service  may  be  of  interest. 

6  In  pushing-work  it  took  the  place  of  two  of  these  engines  and 
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did  the  work  with  ease.  Special  attempts  were  made  to  stall  it  by 
shutting  off  the  front  engine  on  the  heaviest  grade  under  full  load, 
based  on  the  capacity  of  three  of  the  other  engines,  but  it  pushed  both 
train  and  front  engine  to  the  top  of  the  grade. 

7  In  road  service  it  is  rated  to  2400  tons  over  a  given  division 
where  two  of  the  100-ton  simple  engines  are  rated  to  2200  tons  (double 
headers),  consuming  practically  the  same  amount  of  fuel  as  one  of 
the  simple  engines.  In  order  to  find  out  the  maximum  power  of  the 
engine  it  was  decided  to  make  up  a  train  of  2700  tons  weight,  but 
this  did  not  stall  the  engine  and  another  train  of  2900  tons  was  tried 
with  the  same  result;  apparently  no  further  attempt  to  stall  her  by 
overload  has  been  made. 

8  Another  engine  of  this  particular  type  and  practically  the  same 
size  has  shown  fully  as  good  results  in  an  entirely  different  kind  of 
service,  namely,  pushing  a  snow-plow,  where  its  extreme  power  at 
slow  speed  comes  in  most  advantageously.  Under  these  conditions 
it  has  successfully  handled  the  snow-plow  alone  where  the  ordinary 
engine  will  stall  and  where  it  formerly  required  five  100-ton  engines  to 
do  this  work  on  various  occasions. 

9  One  of  the  Erie  engines,  referred  to  by  Mr.  Cole,  on  one  occasion 
started  a  train  of  four  ordinary  engine  loads  and  the  front  engine  on 
the  grade,  after  having  fixed  a  broken  air  hose. 

10  These  facts  prove  the  statement  in  Par.  52  that,  due  to  extreme 
power  in  running  slow,  the  starting  is  affected  without  jerks  and 
shocks,  making  it  less  destructive  on  cars  and  couplers  than  with 
much  lighter  ordinary  engines  that  always  have  to  jerk  their  trains 
into  motion,  utilizing  w^hatever  slack  can  l)e  had  in  couplers. 
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By  Raymond  D.  Johnson,  Published  in  June  (1908)  Proceedings 
ADDITION  TO   AUTHOR's  CLOSURE 

20  Time  has  been  found,  for  a  careful  study  of  the  error  in  Equa- 
tion 7  as  indicated  by  Mr.  Larner's  figures,  Table  2.  The  error  made 
by  substituting  V'^^^-^  for  V^  in  Equation  7  cannot  be  correctly 
expressed  by  a  single  figure,  l)ecause  one  assumes,  in  an  actual  case, 
all  the  conditions  except  the  value  of  R,  which  is  computed  from  the 
other  accepted  figures.  Both  F'^ax  ^^^  ^max  ^^'^  therefore  assumed, 
as  well  as  the  intended  per  cent  load  change.  • 

21  As  a  matter  of  fact,  the  value  of  R  thus  deduced  is  never  such 
as  to  permit  a  realization  of  the  accepted  l^max  simultaneously  with 
the  corresponding  value  assumed  for  T^'max-  I^  other  words,  when 
V  actually  reaches  a  value  equal  to  that  predetermined  as  a  maxi- 
mum, a  certain  small  excess  load  above  that  contemplated  must 
have  been  demanded,  as  shown  in  Column  1  in  the  table  herewith. 
(The  assumed  load  change  has  been  reduced  to  10  per  cent  in  all  cases, 
for  ease  of  comparison.)  The  value  of  Y^^^  existing  at  that  time 
would,  however,  be  a  little  less  than  the  intended  value,  so  that,  if  an 
extraordinary  load,  greater  even  than  shown  in  Column  1,  should  be 
demanded,  thus  incidentally  increasing  the  value  of  T^'max  ohove  the 
estimated  figure,  the  tank  would  still  he  large  enough  to  permit  a 
load  change  equal  to  that  shown  in  Column  2,  in  which  case  the  tank 
would  theoretically  Ijecome  empty. 

22  Inasmuch  as  the  value  fixed  for  F'^ax  ^^  very  im])ortant 
(because  it  is  a  rough  index  of  the  length  of  life  of  the  wave)  one  is 
led  to  regard  the  values  in  Column  1  as  more  properly  expressing  the 
capacity  of  the  tank  than  the  values  in  Column  2.  It  is  apparent,  at 
any  rate,  that  two  values  are  required  for  a  full  appreciation  of  the 
amount  of  excess  which  is  provided.  The  figures  indicate  the  per- 
centage of  increase  aljove  the  existing  load,  as  compared,  in  all  cases, 
with  an  estimated  10  per  cent  increment.  The  table  is  made  up  by 
faithful  adherence  to  Mr.  Larner's  figures. 

23  Example  12  seems  to  be  an  illustration  of  an  augmenting  wave, 
and  if  so,  the  taliulated  errors  are  naturally  meaningless.  I  have, 
therefore,  been  obliged  to  omit  it  as  valueless  in  this  connection. 
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24  It  has  been  my  experience  that  any  error  creeping  in  through 
the  arithmetic  integration  is  often  on  the  unsafe  side,  and  hence  one 
may  expect  that  in  some  instances,  at  least,  the  tabulated  excess  is 
greater  than  that  actually  provided  by  Equation  7.  I  am  led  to 
question  the  usefulness  of  the  values  given  by  Mr.  Larner  in  the  last 
examples  Ijecause  an  inspection  of  the  various  quantities  which  he 
has  worked  out  indicates  that  the  design  provided  by  them  would  be 
inadequate  on  account  of  a  very  long-lived  M^ave. 


TABLE  4    LOCAL  CHANGES  PROVIDED  BY  EQUATION  7 
Compared  with  an  Estimated  10  Per  Cent  Change  for  Mr.  Larner's  15  Examples 


Example  No. 


Column  1 


Column  2 


1 

10.86 

12.42  (?) 

2 

10.71 

11.53 

3 

10.10 

10.42 

4 

10.20 

10.86 

5 

10.41 

11.25 

6 

10.28 

11.05 

7 

10.30 

10.92 

8 

10.27 

10.73 

9 

10.20 

10.72 

10 

11.62  (?) 

13.10  (?) 

11 

10.08 

10.74 

13 

10.72 

11.76 

14 

11.83  (7) 

13.00  (?) 

15 

12.00  (?) 

12.81  (?) 

SAFETY  VALVE  DISCUSSION 

CONTINUED  FROM  THE  FEBRUARY  MEETING 

Prof.  F.  L.  Pryor.  The  results  secured  from  tests  made  by  the 
writer  some  time  ago,  in  conjunction  with  Professor  Jacobus,  to 
obtain  the  blowing-off  pressure  of  safety  valves  when  tested  with 
water  and  with  steam,  may  be  interesting  to  the  Society. 

2  For  the  purpose  of  the  determination,  a  standard  4-in.  pop 
safety  valve,  set  for  125  lb.,  was  mounted  on  a  4-in.  pipe  and  so  con- 
nected that  either  steam  pressure  or  water  pressure  could  be  admitted 
to  the  valve.  In  all  the  tests  the  pressure  required  to  open  the  valve 
was  determined  by  subjecting  it  alternately  to  steam  and  water 
pressure,  the  setting  of  the  valve  being  the  same  for  the  steam  and 
the  water  in  each  pair  of  tests.  The  water  was  at  a  temperature  of 
100  deg.  fahr. 

3  One  set  of  tests  was  made  over  a  period  of  15  days,  the  test 
of  one  day  being  with  steam  and  the  following  day  with  water,  and 
so  on  until  the  series  was  completed.  The  lapse  of  time  between 
tests  was  allowed  to  insure  that  the  valve  had  obtained  its  normal 
condition  of  temperature,  etc. 

4  In  a  second  series  of  tests  the  valve  was  tested  at  three  dif- 
ferent settings  on  the  same  day,  viz.  104,  131  and  159  lb.,  the  spring 
and  valve  being,  in  each  case,  cooled  in  cold  water  before  taking  the 
measurement  for  the  water-pressure  test. 

5  The  third  series  of  tests  was  made  with  the  valve  at  a  number 
of  different  settings,  from  105  to  165  lb.,  one  measurement  being 
made  directly  after  the  other  and  no  precaution  taken  to  insure  that 
the  valve  had  returned  to  its  normal  temperature  after  the  preceding 
test,  except  that  before  operating  with  water  pressure  a  considerable 
amount  of  water  was  flushed  through  the  valve. 

6  The  results  obtained  in  all  the  tests  were  in  practical  agreement, 
and  indicated  that  the  blowing-off  pressure  with  steam  and  with 
water  did  not  differ  to  any  great  extent,  although  the  pressure  to 
blow  off  with  water  was  higher  than  with  steam. 

7  In  the  case  when  the  valve  was  allowed  to  cool  24  hours,  the 
water  pressure  required  to  open  it  was  about  3i  lb.  higher  than  the 
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steam  pressure.  In  the  tests  where  the  valve  was  cooled  thoroughly 
with  water,  the  pressure  with  water  was  about  3  lb.  higher  than  with 
steam.  In  the  rapid  change  test  the  water  pressure  amounted  to 
about  2.6  lb.  more  than  the  steam  pressure. 

8  In  all  tests  the  steam  and  water  pressure  record  was  that  at 
which  the  valve  was  in  full  operation.  In  the  case  of  the  steam 
pressure  test  there  were  two  distinct  points  below  full  open  pressure 
which  could  also  have  been  noted:  when  the  valve  began  to  leak, 
which  occurred  about  2  lb.  below  the  final  blowing-off  pressui'e,  and 
when  the  rate  of  flow  suddenly  increased,  which  was  about  1  lb. 
below  maximum. 

Prof.  Edw.  F.  Miller.  The  weight  of  steam  to  be  discharged 
through  a  locomotive  safety  valve  need  be  only  a  small  proportion 
of  the  steam  generated  by  the  boiler,  as  Mr.  Whyte  has  said.  In  the 
case  of  stationary  boilers,  however,  the  safety  valves  must  be  able  to 
take  care  of  the  entire  capacity  of  the  boiler.  The  sudden  closing 
of  the  safety  throttle  on  an  engine  or  a  turbine  by  instantly  stopping 
the  demand  for  steam  compels  the  safety  valves  to  discharge  for  a 
time  at  least  as  much  steam  as  the  boilers  were  generating  at  the 
instant  the  throttle  closed.  The  writer  has  seen  the  pressure  go  up 
on  account  of  insufficient  safety  valve  discharge,  15  lb.  above  the 
blowing  pressure  of  the  valves. 

2  The  writer  believes  that  the  correct  way  to  figure  a  safety  valve 
is  to  make  the  discharge  area  of  the  valve  or  valves  sufficient  to 
handle  all  the  steam  the  boiler  can  make  at  its  maximum  rate  of 
coal  consumption;  which  amounts  to  maldng  the  size  of  the  safety 
valve  depend  on  the  grate  area,  the  weight  of  coal  burned  per  square 
foot  of  grate  per  hour  and  the  evaporation  per  pound  of  coal  burned. 

3  The  weight  of  steam  flowing  through  an  orifice  with  a  slightly 
rounded  entrance  may  be  figured  quite  accurately  by  Napier's  formula 
(sometimes  called  Rankine's  formula).  Its  accuracy  for  commer- 
cially dry  steam  has  been  shown  by  tests  made  under  pressures  vary- 
ing from  30  to  150  lb.  There  are  a  number  of  papers  on  this  subject 
in  the  earher  volumes  of  the  Transactions.  According  to  the  formula 
the  weight  of  steam  discharged  per  second  through  an  orifice  with 

F  P 

slightly  rounded  entrance  is  ,  where  F  is  the  area  of  the  orifice 

&      J  70 

in  square  inches  and  P  is  the  pressure  in  pounds  absolute  on  one 
square  inch. 


SAFETY   VALVES  787 

4  The  discharge  per  second  through  an  orifice  with  sharp  edge 
at  entrance,  as  would  be  the  case  in  a  safety  valve,  has  been  found 
from  actual  tests  on  values  to  be  0.95  the  amount  figured  from  this 
formula. 

5  The  opening  needed  in  a  safety  valve  may  be  figured  as  follows: 

G  =  grate  area. 

R  =  rate  of  coal  consumption  per  square  foot  of  grate  per 
hour. 

9  =  probable  evaporation  per  pound  of  coal  under  actual  con- 
ditions. 

G  X  -R  X  9 

=  weight  of  steam  made  per  second. 

3600  ^  ^ 

Equate  this  to  the  preceding  expression  and  solve  for  F: 

GXRX9      r,r,^  FXP 

=L).y5  — - — 

3600  70 

GXRX9  X70 
^  ""3600  XPXO.95 

6  The  area  of  the  opening  through  a  safety  valve  is  equal  to  the 
inner  circumference  of  the  seat  times  the  effective  lift.  For  a  valve 
with  seat  at  an  angle  the  effective  lift  is  equal  to  the  lift  multiplied 
by  the  cosine  of  the  angle  the  seat  makes  with  a  horizontal. 

7  For  a  45-deg.  angle  the  effective  lift  is  0.707  X  lift.  Calling 
D  the  inner  diameter  of  the  valve,  the  opening  is 

TT   X   Z)   X   Hft   X   0.707 

Substituting  this  for  F, 

G  X  R  X  9  X  70 
n  D  X  lift  X  0.707   =  3^00   x  P   X  0.95 

If  the  lift  of  the  valve  is  y^o  in., 

GXRX9X70  GR 


D 


3600  XPX  0.95  X  7r  X  0.707  X  0.1        P  X  1.206 


If  the  lift  is  0.05  instead  of  0.10,  then  the  value  dia.  D  is  doubled. 
Doubling  the  pressure  will  make  the  same  valve  with  same  lift  take 
care  of  double  the  weight  of  steam. 
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8     For  illustration: 

Grate  area  =  25. 

Coal  consumption   =  18  lb.  per  square  foot  hour. 

Pressure  =  120  lb.  absolute. 

25  X  18 
n =  ^  1 

120  X  1.206 

Pressure,  150  lb.  absolute. 

Grate  area,  50  sq.  ft. 

Coal  consumption,  25  lb.  per  square  foot  hour. 

50  X  25 

=  D   =6.9  in. 


150  X   1.206 


A  valve  as  large  as  this  would  be  replaced  by  two  of  equivalent 
capacity. 

The  circumference  =  3.14  X  6.9 

6  9 

Two  smaller  valves  of  diameter  -^ —  =  3.45   will   give  the   same 

2 

circumference  and  the  same  discharge  with  the  same  lift. 

George  H.  Musgrave*  I  have  been  asked  to  give  my  experience 
in  the  development  and  use  of  safety  valves,  which  dates  back 
over  a  period  of  about  30  years. 

2  Commencing  in  locomotive  service,  we  used  the  weight  and 
lever  type;  but  in  lieu  of  the  weight,  we  employed  a  spring  balance 
at  the  end  of  the  lever.  This  served  its  purpose  very  well,  but  left 
it  optional  with  the  engineer  to  carry  pressure  in  excess  of  that 
allowed.  To  keep  tab  on  excess  pressure  a  tell-tale  steam  gage  was 
used  with  an  index  hand  which  moved  to  the  highest  pressure 
reached  by  the  steam-gage  pointer  and  remained  at  this  point. 
When  the  engine  returned  we  could  tell  by  that  means  whether  the 
engineer  carried  more  pressure  than  allowed. 

3  The  first  pop  valve  that  I  had  experience  with  was  the  Rich- 
ardson open-type,  exposed-spring,  with  two  vertical  studs  and  a 
crossbar  on  top,  and  the  spindle  extending  two-thirds  of  the  way 
through  the  body  of  the  valve  below  the  seat.  The  diameter  at 
the  bore  was  2^  in.;  the  first  known  so-called  high-lift  pop  safety 
valve. 

^General  Sales  Agent,  Star  Brass  Manufacturing  Co.,  Boston,  Mass. 
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4  In  the  discussion  at  the  February  meeting  on  the  desirability 
of  so-called  high-lift  and  low-lift  safety  valves,  Mr.  Darling  described 
methods  of  testing  valves  and  showed  designs  of  valves  with  which 
results  were  obtained,  which  had  been  known  for  years  to  the  older 
manufacturers  of  safety  valves.  I  refer  to  this  merely  to  explain 
the  difficulty  we  experienced  with  the  Richardson  type  2|-in.  bore. 
The  lift  of  this  valve  was  sufficient  at  times  to  raise  the  water  from 
its  normal  condition,  disturb  materially  its  level  in  the  boiler  and, 
on  numerous  occasions  when  the  engine  was  working  steam,  to  take 
it  over  in  the  dry  pipe  and  down  to  the  cylinders. 

5  The  Richardson  valve  could  not  be  regulated  easily  to  reduce 
the  steam  pressure  a  given  amount.  Much  depended  on  the  accuracy 
of  the  springs,  consequently  the  amount  of  blow-down  would  vary 
anywhere  from  5-lb.  to  15-lb.  gage  pressure.  The  adjusting  ring 
was  then  applied,  enabling  us  to  overcome  some  of  these  difficulties  by 
increasing  or  decreasing  the  area  of  the  safety  valve  pop  chamber. 

6  On  account  of  the  excessive  discharge  of  this  type  of  valve 
and  the  noise  of  the  steam  blowing  into  the  atmosphere,  because 
of  the  high  lift,  some  of  the  Eastern  states  passed  laws  prohibiting 
the  excessive  blowing,  on  the  ground  that  it  was  detrimental  to  the 
community  at  large.  Many  accidents  occurred  because  of  the  noise 
of  the  escaping  steam;  consequently  the  muffled  valve  came  into 
general  use, 

7  This  type  of  safety  valve  was  larger  in  diameter  than  the 
Richardson,  and  varied  from  the  original  size  of  2i-in.  bore  up  to 
and  including  4^-in.  bore.  Being  larger  in  diameter,  with  steam 
muffled  so  that  it  made  less  noise,  it  proved  very  satisfactory. 

8  Mr.  Darling  refers  to  the  most  severe  test  on  locomotive  safety 
valves  as  being  when  an  engine  ascends  a  grade  with  the  boiler  full 
of  water  and  working  hard.  A  competent  engineer  fills  his  boiler 
before  reaching  the  hill  and  climbs  the  grade  with  the  least  amount 
of  water  in  the  boiler  necessary  for  safety,  thereby  keeping  up  the 
steam  pressure.  When  he  reaches  the  apex  of  the  grade  and  starts 
down  the  other  side,  he  will  then  apply  his  injector  and  the  fireman 
will  attend  to  the  dampers  and  check  the  drafts. 

9  The  most  severe  test  on  locomotive  safety  valves,  I  think, 
is  when  an  engineer  is  running  at  full  speed,  with  a  good  fire,  steam- 
ing rapidly,  and  is  suddenly  confronted  with  a  danger  signal,  which 
causes  him  to  stop,  perhaps  within  the  length  of  his  train.  The 
draft  from  the  exhaust  is  shut  off,  but  the  steaming  capacity  of  the 
boiler  is  not  shut  off  proportionately  at  that  time  and  the  valves 
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almost  immediately  start  blowing.     Then  the  fireman  should  attend 
to  his  dampers  and  in  other  ways  prevent  excessive  blowing. 

10  There  are  several  methods  by  which  safety  valves  can  be 
operated  without  excessive  blowing,  on  stationary  and  marine  as 
well  as  on  locomotive  boilers;  although  there  is  more  blowing  of 
steam  on  the  latter  than  on  any  other  type.  In  marine  service 
the  blowing  of  safety  valves  is  the  exception,  and  not  the  rule. 
They  carry  this  still  further  in  the  Navy,  and  I  am  informed  by 
competent  naval  engineers  that  the  engineer  on  watch  on  a  naval 
vessel  is  reprimanded  if  the  safety  valves  blow. 

11  The  function  of  the  safety  valve  is  two-fold:  (a)  it  gives 
notice  of  the  highest  pressure  permissible;  (b)  it  gives  the  alarm 
that  more  water  or  less  fuel  is  needed.  The  experienced  engineer 
and  fireman,  by  working  in  harmony,  can  decrease  the  blowing  of 
safety  valves  to  a  very  apprecialjle  extent.  I  have  been  told  by 
engineers  in  the  marine  service,  that  through  the  use  of  safety 
valves  with  excessive  lift  and  quick  discharge,  their  engines  have 
been  plugged  by  taking  over  water.  I  have  known  of  numerous 
occasions  in  locomotive  service  where  there  have  been  very  disastrous 
results.  If  the  same  principle  is  to  be  introduced  in  high-lift  loco- 
motive safety  valves  that  is  now  used  in  injectors  to  raise  water, 
what  is  to  prevent  the  syphoning  of  the  water  to  the  throttle  valve, 
and  its  flowing  through  the  dry  pipe  and  into  the  cylinders?  From 
my  long  experience,  originally  in  locomotive  service,  afterwards 
in  marine  and  stationary  service  and  at  the  present  time,  on  safety 
valves  for  all  uses,  I  would  suggest  that  the  medium-discharge 
valve,  that  will  not  materially  disturb  the  water-levels  in  the  boilers, 
is  the  safest  and  most  satisfactory  valve  to  use.  Any  valve  that 
will  materially  disturb  the  water-level  and  have  a  tendenc}^  to 
I'aise  it,  is  dangerous. 

12  It  has  been  argued  by  some  of  the  discussors  that  it  was 
necessary  to  know  the  capacity  of  different  size  safety  valves.  This 
is  a  matter  for  the  engineering  fraternity,  not  for  the  manufacturer  to 
decide.  Most  manufacturers  can  comply  with  the  requirements  of  the 
engineer  as  to  the  efficiency  of  safety  valves,  and  the  amount  of  steam 
they  will  discharge  at  a  given  pressure  per  minute.  This  can  be 
easily  determined,  but  the  engineer  should  state  under  what  con- 
ditions this  capacity  is  required, — whether  natural,  forced  draft, 
or  overload. 

13  Mr.  Darling's  paper  describes  the  tests  made  by  a  certain 
manufacturer,  of  a  number  of  different  types  of  safety  valves  made 
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by  other  munufacturors.  It  seems  to  me  that  if  the  Society  is  desirous 
of  determining  the  best  formulae  from  wiiich  safety  valve  sizes  can 
be  figured,  as  well  as  the  best  rule  for  proportioning  safety  valve 
sizes  to  boilers  of  different  kinds,  and  especially  to  those  of  the 
watertube  and  Scotch  type  under  vaiying  conditions,  it  would  be 
best  to  have  the  tests  made  by  a  competent  Boaixl,  the  members 
of  which  should  not  be  interested  directly  or  indirectly  in  the  manu- 
facture of  any  one  type  of  safety  valve. 

A.  B.  Cakhart.  The  proper  rating  of  safety  valves  and  their 
relation  to  boiler  capacity  require  simply  the  determination  of 
the  capacity  of  the  valve  to  discharge  steam,  and  that  of  the 
boiler  to  generate  steam,  and  the  fixing  of  a  suitable  relationship 
between  the  two.  Napier's  formula  for  flow  of  steam  has  been 
repeatedly  verified  by  careful  tests  until  it  seems  worthy  of  accept- 
ance for  valve  calculations. 

2  For  valves  of  different  designs,  different  percentages  of  the 
calculated  discharge  may  be  assumed  according  to  the  restriction 
of  steam  flow  by  discharge  passages.  In  Steam  Boilers,  by  Pea- 
body  and  Miller,  we  find  the  statement  that  a  2-in.  pop  safety 
valve  tested  at  the  Massachusetts  Institute  of  Technology  was 
found  to  lift  from  0.07  in.  to  0.08  in.  The  valve  had  a  conical  seat 
with  an  angle  of  45  deg.  The  actual  flow  was  about  95  per  cent  of 
the  calculated  flow.  The  large  discharge  efficiency  of  this  valve 
is  probably  due  to  the  peculiar  form  of  its  lips  which  utilize  to  the 
greatest  degree  the  impact  force  of  the  steam  flow;  and  to  the  fact 
that  the  regulating  ring  is  entirely  below  the  edge  of  the  lip,  with 
additional  vents  which  add  to  rather  than  decrease  the  outlet  open- 
ing when  the  valve  begins  to  blow. 

3  The  effective  opening  in  a  bevel-seated  valve  is  approximately 
y^^  of  the  vertical  lift  of  the  disc.  In  some  valves,  however,  the 
design  is  such  as  to  reduce  this  area  of  flow  beyond  the  valve  seat, 
and  allowance  for  this  limitation  of  discharge  area,  less  than  the 
valve-seat  opening,  should  be  made.  In  the  patent  issued  to  Rich- 
ardson, the  inventor  of  a  still  common  form  of  bevel-seated  pop 
valve,  January  19,  1869,  the  following  reference  is  made  to  this 
point: 

The  said  means,  so  patented,  consisting  in  forming  the  valve  with  a  surface 
outside  of  the  ground  joint  for  the  escaping  steam  to  act  against;  the  said  surface 
being  surrounded  by  a  projecting  or  overlapping  lip,  rim  or  flange,  leaving  a  nar- 
row space  for  the  escape  of  the  steam  when  the  valve  is  opened,  but  which,  al- 
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though  of  greater  diameter  than  the  valve  seat,  by  reason  of  the  said  lap,  presents 
a  less  area  of  opening  for  the  escape  of  steam  than  is  produced  at  the  valve  seat. 

4  The  amount  of  the  overlap  of  the  Hp  of  the  regulating  ring  is 
often  as  much  as  0.02  in.  or  0.03  in.,  which  the  disc  must  lift  before 
there  is  a  free  outlet,  and  the  passage  to  the  open  air  may  easily 
be  15  per  cent  or  20  per  cent  less  than  the  apparent  calculated 
lift  would  indicate,  even  after  allowing  for  y\  of  the  vertical  meas- 
urement. 

5  The  satisfactory  behavior  of  the  valve  depends  upon  the 
intelligent  adjustment  of  its  regulating  device  to  suit  peculiar  boiler 
conditions.  Attention  was  called  to  this  in  the  report  of  the  Special 
Committee  of  Supervising  Inspectors,  in  1875,  p.  30.  Valves  were 
submitted  for  testing,  which  had  previously  been  adjusted,  in  most 
cases  to  boilers  which  furnished  but  a  small  volume  of  steam,  but 
when  the  competitive  tests  were  made  the  valves  were  found  to 
need  readjusting,  since  the  volume  of  steam  furnished  was  equal 
to  or  beyond  the  capacity  of  the  valves. 

6  This  same  committee  also  made  a  series  of  tests  on  several 
sizes  of  common  ball  and  lever  safety  valves  of  the  old  type,  on  page 
21  of  the  pamphlet,  to  the  effect  that: 

The  maximum  areas  obtained  were  a  little  in  excess  of  the  above  (average), 
but  it  must  be  kept  in  mind  that  the  boiler  evaporated  at  the  rate  of  2500+  lb.  of 
water  per  hour  some  portion  of  the  time; 

Also,  that  the  diameter  of  a  safety  valve  is  not  an  infallible  test  of  its  efficiency; 

That  the  lift  which  can  be  obtained  on  a  safety  valve,  other  conditions  being 
equal,  is  a  test  of  its  efficiency; 

That  the  lift  of  a  safety  valve  depends  upon  the  velocity  and  weight  of  the 
escaping  steam; 

That  the  valves  with  small  areas  made  a  greater  excess  than  those  with  large 
areas,  even  when  the  former  recorded  a  greater  maximum  of  effective  area; 

That  the  common  lever  safety  valve,  when  constructed  upon  correct  principles, 
employing  good  material  and  workmanship,  will  correctly  indicate  the  maximum 
pressure  of  steam  in  a  boiler,  and,  when  suitably  proportioned,  relieve  the  same 
of  all  excess. 

7  The  excess  referred  to  means  "  the  number  of  pounds  which  the 
valves  allowed  the  pressure  to  exceed  that  at  which  they  opened." 
If  these  comments  by  the  committee  have  any  proper  bearing  upon 
the  present  question  of  pop  valves  at  all,  the  meaning  is  plain  that 
small  valves  of  high  lift  have  less  discharge  capacity  for  equal  areas 
of  effective  opening  than  valves  of  larger  diameter  with  moderate 
lift;  and  that  valves  of  very  small  lift  give  proper  relief  if  suitably 
proportioned  to  the  boiler  capacity. 
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8  One  danger  to  be  guarded  against  is  the  failure  of  the  valve 
to  open  at  the  critical  moment.  The  greatest  cause  of  sticking  is 
the  binding  friction  of  the  disc  guides  against  the  side  of  the  throat. 
With  large  lift  the  deformation  of  the  spring  is  great,  with  resultant 
side  thrust  on  the  guide  wings,  which  have  been  known  to  wear  J  in. 
in  diameter  in  a  few  months'  service.  Under  such  conditions  the  valve 
disc  will  not  seat  properly  and  cannot  as  certainly  be  relied  upon 
to  open  and  close  promptly  or  keep  tight.  Hence  a  small  valve 
with  large  lift  is  not  the  equivalent  of  a  large  valve  with  larger 
diameter,  requiring  less  lift  to  give  the  same  discharge. 

9  For  locomotive  valves,  where  the  steaming  capacity  of  the 
boiler  is  large,  the  steam  is  freely  discharged,  and  the  valves  are  sub- 
jected to  inspection,  the  vertical  lift  may  properly  be  as  much  as 
0.07  in.  or  0.08  in.,  but  it  should  not  be  more  at  such  high  working 
pressures,  with  frequent  blowing.  For  stationary  valves  it  should 
not  exceed  0.1  in.  and  may  well  be  as  much  less  as  the  conditions 
will  permit.  Considerations  of  stability  and  safety  suggest  to  conserv- 
ative engineers  that  the  amount  of  lift  be  reduced  rather  than  in- 
creased. 

10  The  lift  of  any  valve  can  be  varied  considerably  at  will.  With- 
out any  alteration  of  design  or  parts  it  may  be  made  0.04  in.  as  the 
minimum  or  0.1  in.  as  the  maximum  by  a  single  turn  of  the  regu- 
lating ring;  and  to  meet  extreme  demands  these  hmits  can  be 
extended  by  a  simple  substitution  of  another  spring,  without 
changing  any  of  the  working  parts  of  the  valve.  That  valve  which 
affords  relief  with  the  least  lift  of  the  disc,  or  with  least  spring  dis- 
tortion, and  with  the  least  strain  upon  the  boiler,  is  the  safest  and 
most  efficient  in  design. 

11  For  stationary  boilers,  generally  used  at  the  lower  pressures, 
5  in.  diameter  of  valve  seat  should  be  the  limit,  and  this  is  the 
largest  valve  permitted  by  law  in  Massachusetts.  The  rules  of  the 
steamboat  inspection  service  provide  that  no  valve  shall  be  larger 
than  6  in.  in  diameter,  and  they  seem  to  have  seriously  considered 
reducing  this  limit  to  4^  in.  That  supervising  engineers  seldom 
specify  valves  larger  than  5  in.  diameter  is  a  fair  indication  that  such 
practice  is  within  good  judgment,  and  some  manufacturers  do  not 
list  larger  sizes  as  regular.  In  some  jurisdictions,  where  the  rules 
have  been  recently  revised,  a  4-in.  limit  has  been  fixed. 

12  Pop  safety  valves  for  locomotives  should  not  be  larger  than 
.3^  in.  diameter  at  the  seat,  as  at  200  lb.  pressure  the  total  load 
upon  the  valve  disc  in  the   bevel-seated  valve   is  then    1925   lb., 
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increased  perhaps  500  lb.  to  maintain  the  Hft  when  the  valve  opens, 
a  total  of  2400  lb.  This  means  an  enormous  force  to  be  controlled 
even  at  moderate  lifts.  In  the  flat-seated  annular  valve  this 
initial  load  is  only  1575  lb.,  increased  to  about  1800  lb.  when  the 
valve  lifts,  since  the  possible  maximum  is  under  all  conditions  less 
than  the  initial  or  minimum  load  upon  the  bevel-seated  valve; 
although  the  effective  discharge  area  in  the  3^-in.  size,  with  the 
])roper  15  per  cent  allowance  for  the  central  auxiliary  outlet,  amounts 
to  little  more  than  1  sq.  in.  at  only  0.08  in.  lift  of  the  disc,  or  some- 
thing over  3  lb.  of  steam  per  second,  according  to  Napier's  fornmla. 
This  area  of  discharge  opening  is  equivalent  to  a  vertical  lift  of 
0.128  in.  in  a  3^-in.  bevel-seated  valve  of  100  per  cent  theoretical 
discharge  efficiency. 

13  The  capacity  would  be  proportionately  increased  in  a  4-in. 
valve,  but  as  all  the  parts  would  become  unwieldy  in  weight  and 
size,  there  seems  to  be  no  good  reason  for  opening  up  such  a  large 
hole  in  the  boiler,  with  a  seat  circumference  of  12^  in.,  requiring 
a  valve  weighing  something  over  75  lb.  Certainly  the  4-in.  size 
is  the  extreme  that  can  be  recommended,  even  taking  into  account 
any  difference  in  cost.  In  the  bevel-seated  type  a  4-in.  locomotive 
valve  of  theoretical  efficiency  should  lift  0.113  in.  to  show  I  sq.  in. 
discharge  opening,  and  might  better  be  divided  into  smaller  units, 
considering  that  the  initial  spring  load  in  such  a  valve  is  over  2500 
lb.  and  when  the  valve  opens  may  exceed  3000  lb.  to  react  through 
this  distance. 

14  Experience  indicates  an  effective  area  of  1  sq.  in.  as  the 
largest  unit  of  valve  capacity  advisable  for  large  boilers  of  the 
steaming  capacity  of  modern  locomotives.  The  strain  upon  the 
boiler  is  dangerous  when  a  large  valve  is  suddenly  opened  at  high 
pressure  and  as  suddenly  closed.  Water  may  be  drawn  out  of  the 
boiler  with  the  steam,  the  surging  and  priming  endanger  the  cyl- 
inders and  choke  the  safety  valve,  and  boiler-scale  deposits  cut 
the  seats  and  cover  exposed  threads.  Much  better  practice  is  that 
more  commonly  followed,  using  three  valves  of  comparatively 
small  size,  set  to  open  2  lb.  or  4  lb.  apart,  and  called  into  operation 
in  succession  as  the  steaming  conditions  require.  This  prevents 
serious  rise  in  boiler  pressure  before  relief. 

15  From  careful  observation,  we  know  that  in  actual  service 
two  3^-in.  or  three  3-in.  flat-seated  valves,  even  when  regulated  to 
permit  a  comparatively  limited  vertical  lift,  have  proved  ample  for 
the  largest  locomotive  boilers  under  the   most  severe  requirements 
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of  licavy  steaming  and  freight  service  on  mountain  railroads,  and 
under  such  circumstances  tlie  third  of  a  se'ies  of  three  3-in.  valves 
has  never  been  known  to  blow;  while  records  show  that  on  many 
locomotives  the  pressure  lias  never  increased  sufficiently  to  reach 
the  second  valve,  set  at  2  II).  or  4  lb.  above  the  first.  The  effective 
discliarge  area  of  a  3-in.  aimular  flat-seated  valve,  with  a  maximum 
lift  of  0.08  in.,  is  a  httle  more  than  0.85  sq.  in.,  and  is  capable  of 
discharging  2^  lb.  of  steam  per  second  at  200  lb.  pressure,  so  that  the 
greatest  combined  capacity  of  the  three  3-in.  valves  would  be  about 
7^  lb.  of  steam  per  second. 

16  Mr.  Whj'te  is  thus-  correct  in  saying  that  safety  valves  need 
not  have  a  discharge  capacity  equal  to  the  steam-generating  capacity 
of  the  locomotive  boiler  under  forced  draft.  Experience  has  demon- 
strated a  total  valve  capacity  theoretically  equal  to  2  sq.  in.  dis- 
charge area  as  safe  and  efficient  for  ordinary  locomotives  with  35 
sq.  ft.  of  grate  area,  and  3  sq.  in.  for  the  largest  ones,  having  as 
much  as  50  sq.  ft.  of  grate  area,  and  not  more  than  two-thirds  of 
even  this  provision  has  ever  been  called  into  service.  To  provide 
greater  capacity  than  is  required  means  either  multiplication  of 
valves  or  increased  capacity  in  each  unit,  regardless  of  certainty  of 
operation  and  freedom  from  repairs. 

17  A  satisfactory  solution  of  this  whole  question  seems  to  be 
to  equip  a  locomotive  with  three  valves,  each  of  3-in.  or  3^-in. 
diameter,  in  proportion  to  the  capacity  of  the  l^oiler,  as  follows: 

a  A  muffled  valve  seat  at  200  lb.,  permitting  only  3  lb.  or 
5  lb.  drop  in  steam  pressure  when  it  opens,  to  act  as  a 
working  value  for  all  ordinary  running  conditions,  leaving 
the  locomotive  with  proper  pressure  to  continue  its  work 
after  the  blowing  of  the  valve. 

b  A  reserve  valve  of  the  same  type,  set  at  202  lb.  or  204  lb., 
to  take  care  of  unusual  conditions  under  which  the  steam 
pressure  might  possibly  continue  to  rise  in  spite  of 
the  first  valve,  and  regulated  to  permit  a  drop  of  5  lb. 
or  6  lb.,  not  letting  the  pressm-e  go  much  below  the  nor- 
mal 200  lb. 

c  An  emergency  valve,  of  the  same  type  but  different  pro- 
portions of  disc,  and. with  an  extremely  resihent  spring, 
to  open  at  206  lb.,  with  an  adjustment  set  to  insure  an 
exaggerated  lift  and  large  discharge  that  will  cause  the 
boiler  pressui'e  to  drop  15  lb.  or  20  lb.,  practically  putting 
the  locomotive  out  of  service  until  this  drop  in  pressure 
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can  be  regained.  The  blowing  of  such  a  valve,  on  rare 
occasions,  would  indicate  an  extreme  condition  calling 
for  immediate  attention  from  engineer,  fireman,  and  con- 
ductor. 

18  To  distinguish  these  valves  in  service,  some  difference  in  design 
or  marking  might  be  established,  or  the  working  valves  might 
be  muffled  and  the  emergency  valve  be  of  the  open  type. 

19  The  common  practice  has  been  to  design  and  regulate  loco- 
motive valves  to  cause  the  steam  pressure  to  drop  3  lb.  or  5  lb.  below 
the  opening  point  before  closing,  and  the  regulating  ring  or  device 
would  be  set  at  the  time  of  testing  to  accomplish  this  with  a  period 
of  blowing  that  would  cause  the  least  shock  to  the  boiler  with  effi- 
cient relief.  The  greatest  difficulty  that  valve  makers  meet  today 
is  not  the  simple  problem  in  [mechanical  design  of  building  safety 
valves  with  large  discharges  or  lifts,  but  in  educating  and  persuading 
operating  engineers  actually  to  utilize  the  valves  to  their  intended 
normal  capacity,  instead  of  resetting  the  regulating  adjustment  so 
as  to  throttle  the  valve  action  beyond  reasonable  limits,  to  prevent 
what  they  regard  as  waste  of  steam  when  the  valve  does  open  in 
the  performance  of  its  proper  function.  It  is  not  reasonable  to 
expect  a  valve,  designed  and  regulated  to  lose  5  lb.  in  boiler  pressure, 
to  perform  equally  well  when  the  regulating  device  is  adjusted  so 
that  the  pressure  is  allowed  to  drop  only  1  lb.  or  2  lb.,  as  is  actually 
the  condition  on  many  railroads  today.  Engineers  should  not  com- 
plain of  a  lack  of  valve  capacity  so  much  as  of  their  own  blindness 
in  throttling  the  valves  they  already  have. 

20  In  small  valves,  too  great  lift  of  the  disc  gives  a  discharge 
area  through  the  seat  too  large  in  proportion  to  the  disc  area  or 
the  diameter  of  the  boiler  connection.  This  is  the  chief  cause  of  the 
chattering,  exhibited  in  some  valves,  involving  the  destructive  ham- 
mering of  the  seat  and  an  inefficient,  spasmodic  steam  discharge. 
Mounting  large  valves  upon  long  pipes  of  small  diameter  or  with 
bends  or  elbows,  instead  of  connecting  them  directly  upon  the  boiler, 
will  develop  similar  unsatisfactory  conditions,  if  the  flow  of  dis- 
charging steam  is  not  sufficiently  re-inforced  in  proper  volume  from 
below.  It  is  not  enough  merely  to  blow  out  the  steam  in  the  throat 
of  the  valve;  conditions  down  inside  the  boiler  must  be  relieved 
without  undue  strain. 

Sidney  B.  Paine  said,  the  question  is  a  great  deal  broader  than 
that  of  lift.     We  do  not  know  today  whether  a  4-in.  safety  valve 
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is  capable  of  relieving  a  100-h.p.  boiler  or  a  400-h.p.  boiler:  the 
rules  of  the  Steamboat  Inspection  Service,  the  Massachusetts  and 
the  Philadelphia  rules,  are  all  based  on  diameter  without  taldng 
into  account  the  lift  of  the  valve-seat,  and  hence  are  erroneous. 
No  man  could  go  into  court  and  swear  that  he  knows  that  the  com- 
mercial safety  valve  he  has  bought  will  take  away  all  the  steam 
which  the  boiler  would  generate  with  the  other  outlets  closed. 
This  matter  of  a  standard  of  measure  by  which  valves  may  be  rated 
is  one  of  the  most  important  that  has  come  before  the  Society  for 
a  long  time. 

M.  W.  Sewall.  It  has  been  suggested  that  investigations  be 
made  by  the  government  and  by  boiler  insurance  companies  in 
order  to  insure  public  safety  by  formulating  exact  regulations  for 
the  proportions  of  valves,  the  lift,  etc.  These  suggestions  are  in 
the  line  of  tying  all  manufacturers  down  to  exact  rules  which  would 
standardize  the  output  along  rigid  lines,  a  condition  that  seems 
very  undesirable.  Manufacturers  should  be  allowed  the  largest 
liberty  in  design.  The  public  authorities  and  insurance  companies 
should,  it  seems  to  the  writer,  establish  means  of  regulation  in  regard 
to  the  following: 

a  Flange  diameters  for  various  rates  of  discharge. 

/;  Requirements  as  to  minimum  discharge  of  pounds  of 
steam  per  second  within  given  ranges  of  pressure. 

c  Requirements  as  to  non-corrosive  seats  or  other  operating 
parts,  strength  of  parts,  means  of  operation  by  hand,  and 
security  against  being  put  out  of  adjustment  by  ill- 
disposed  persons. 

2  Whatever  importance  other  matters  may  have  to  manufac- 
turers and  designers  they  are  not  of  interest  to  the  public.  It  would 
perhaps  be  desirable  to  have  formulated  by  them  the  details  of  a 
form  of  valve  that  would  be  acceptable  to  the  insurance  companies 
and  other  authorities,  so  that  all  manufacturers  would  know  -of  an 
acceptable  form. 

3  All  details  of  design,  however,  and  especially  such  items  as  form 
of  seats,  springs,  lift  of  valves,  etc.,  should  be  subject  to  the  most 
liberal  treatment.  If  variety  of  design  is  allowed  there  will  be  that 
incentive  to  develop  different  forms  and  types  that  is  requisite 
to  the  development  of  the  best  methods  and  designs. 
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Albkkt  C.  Ashton.  I  am  in  accord  with  those  who  think 
the  Society  could  profital)ly  investigate  the  practice  among  steam- 
users  and  formulate  for  general  use  a  rule  giving  the  proper  size  of 
pop  safety  valves  for  boilers,  taking  as  a  basis  the  average  efficiency 
obtained  from  the  present  standard  makes. 

2  After  a  jH'actical  experience  of  over  twenty  years,  I  am  opposed 
to  high-lift  valves,  since  they  open  and  close  so  suddenly  as  to  injure 
the  boiler  and  its  connected  fittings,  as  well  as  the  valve  itself.  Such 
valves  were  tried  out  many  years  ago  and  have  been  discarded. 

3  I  am  satisfied  that  any  revised  rule  for  the  size  of  pop  safety 
valves  should  not  prescribe  a  capacity  of  relief  that  could  be  obtained 
only  with  a  high-lift  valve,  as  suggested  in  the  contributions  by 
JVIr.  Darling  and  Mr.  Lufkin,  wherein  they  approve  of  a  lift  equal 
to  sV  of  the  diameter  of  the  valve.  This  is  excessive,  and  so  far  as 
I  have  heard  has  been  apjirovetl  by   only  one   valve   manufactiu'or. 

4  In  my  opinion,  it  would  not  be  taking  a  step  in  advance  to 
require  higher-lift  valves  than  those  now  in  common  practice.  In 
evidence  of  this,  from  my  own  observation,  pop  safety-valve  manu- 
facturers have  experienced  more  trouble  from  their  standard  valves 
giving  too  great  rather  than  too  small  a  relief.  It  is  an  exception 
to  criticise  a  reliable  make  of  valve  in  good  working  ortler  on  account 
of  deficient  relief,  and  even  then  the  fault  can  generally  be  attrib- 
uted to  the  application  of  too  small  a  valve. 

5  It  would  be  desirable  for  engineers  to  specify  the  required 
relief,  but  I  think  it  is  not  necessary  or  advisable  to  specify  the  lift, 
for  on  many  a]j})lications  high-lift  valves  are  not  at  all  suitable?. 

Mr.  a.  F.  Nagle.  I  have  computed  the  table  herewith  upon 
the  size  of  safety  valves  for  l^oilers  of  a  gi^•en  power,  based  upon  the 
following  data.: 

a  A  Ijoiler  horse-power  is  tlie  term  used  to  express  the  evapo- 
ration of  34.50  lb.  of  water  per  hr.  from  and  at  212  deg. 
Fahr. 

b  A  spring  safety  valve  can  and  should  be  depended  upon 
to  lift  -3V  of  its  diameter. 

c  The  flow  of  steam  follows  closely  Napier's  formula,  reduced 
to  92^  per  cent  by  Mr.  Darling's  experiments  (par.  24). 

d  The  formula  used  in  the  computation  is 
h.  p.  =  0.0951  W  P 
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where 

h.  p.  =  boiler  horse-power. 

I)       =  diameter  of  valve  in  inches. 

P       =  absolute  steam  pressure. 

2  In  using  this  table,  alluwance  must  be  nuide  for  what  is  likely 
to  be  the  maximum  horse-power  of  the  boiler  and  not  its  normal 
rating.  Fifty  per  cent  overload  is  not  unusual,  and  double  the 
rating,  while  not  impossible,  is  not  liable  to  pass  through  the  safe1,y 
valve. 

HORSEPOWER   OF   BOILERS   AND   SIZE    OF   SAFETY    VALVES 


Steam 


Safety  Valves 


Pounds 

2  in. 

2iin. 

3  in. 

3  J  in.    1 

4  in. 

4i  in. 

100 

44 

68 

98 

134 

175 

221 

125 

53 

83 

120 

163 

213 

269 

150 

63 

98 

141 

192 

251 

318 

175 

72 

113 

162 

221 

289 

366 

200 

82 

128 

184 

250 

327 

414 

225 

91 

142 

205 

280 

365 

462 

250 

100 

157 

227 

309 

403 

510 

Note. — Roughly  every  4  lb.  of  coal  burned  per  hour  represents  one  boiler  h.  p. 


Jerome  J.  Aull.  The  opening  paper  on  the  subject  of  safety 
valves  was  intended,  apparently,  for  the  purpose  of  giving  a  certain 
manufacturer  of  high-lift  valves  a  chance  to  exploit  his  product. 
This  conclusion  is  evident  from  a  number  of  rather  mysterious  refer- 
ences such  as  "  The  elaborate  tests  which  have  already  been  made — 
data  from  which  it  is  hoped  may  be  presented  in  the  discussion 
of  this  paper" — and  "  This  is  considered  an  appropriate  time  and 
place  to  make  available  such  information  as  those  who  have  it  may 
wish  to  present." 

2  It  is  to  be  regretted  that  the  evidence  of  selfish  commercialism 
is  so  apparent,  since  it  lessens  the  importance  of  the  deductions 
resulting  from  the  "experiments"  which  were  made.  They  do  not 
bear  the  stamp  of  approval  of  disinterested  investigators,  hence,  from 
a  universal  point  of  view,  are  of  little  value. 

3  In  my  opinion  the  proposed  rule  should  include  a  term  for  a 
fixed  lift  rather  than  a  variable  one,  for  the  reason  that  with  the 
latter  would  result  a  hopeless  confusion  of  safety-valve  openings  in 
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boilers  of  the  same  size.  Thus  under  Mr.  Darhng's  rule  a  boiler  of 
a  certain  size  might  be  provided  with  a  safety-valve  connection 
varying  from  2^  in.  to  4  in.  in  diameter,  depending  upon  the  make 
of  valve  specified.  It  would  be  far  more  convenient  and  satisfactory 
to  standardize  safety-valve  connections  so  that  any  valve  having 
the  required  capacity  could  be  used.  To  do  this  it  would  be  neces- 
sary that  the  valves  themselves  be  standardized  within  certain  set 
limits,  and  this  could  be  done  only  by  a  body  of  disinterested  engi- 
neers, properly  authorized  to  investigate  the  subject. 

4  The  proper  lift  is  a  more  or  less  debatable  question,  but  it 
is  reasonable  to  suppose  that  the  average  practice  of  the  leading 
manufacturers,  disregarding  the  minimum  and  maximum,  is  very 
nearly  correct.  High-lift  valves  are  no  improvement  nor  are  they 
necessary  for  general  purposes.  If  they  were,  the  standard  designs 
could  be  very  easily  altered  by  manufacturers. 

5  If  the  lift  is  too  high  the  seats  and  spring-bearings  are  subject 
to  a  severe  pounding  action;  there  is  more  danger  of  chattering; 
close  adjustment  is  not  possible;  there  is  danger  of  lifting  of  water; 
and  the  boiler  seams  are  sometimes  strained  to  the  opening  point. 

6  Having  determined  the  proper  lift,  it  becomes  a  very  simple 
matter  to  formulate  the  rule  governing  safety-valve  discharge  areas 
or  seat-opening  diameters.  The  only  thing  remaining  would  then 
be  to  determine  what  variation  there  should  be  in  valve  sizes  to 
suit  various  pressures. 

A.  J.  Hewlings.  It  is  a  question  whether  the  amended 
formula  of  the  United  States  Steamboat  Inspection  Service  has  any 
advantage  over  the  former  rule  based  on  square  inches  of  valve 
area  to  square  feet  of  grate  surface,  because  of  the  alleged  extreme 
variations  in  the  capacities  of  the  different  types  of  valves  of 
equivalent  list  or  catalogue  sizes,  all  of  which  will  be  passed  by  the 
inspectors. 

2  To  overcome  this  condition  on  the  basis  of  a  proposed  amended 
formula,  each  manufacturer  would  be  required  to  furnish  a  detailed 
schedule  of  capacities  of  each  size  and  style  of  valve  under  different 
pressures  of  steam.  In  furnishing  such  a  schedule,  all  tests  must 
be  made  under  exactly  similar  conditions,  with  the  same  boiler, 
of  ample  capacity  so  that  fixed  time-periods  of  blowing-off  can  be 
accomplished  while  the  boiler  maintains  a  continuously  even  pres- 
sure. In  no  case  should  the  boiler  pressure  go  low  enough  to  permit 
the  valve  to  close  itself. 
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3  A  question  arises  as  to  the  reason  for  the  creation  of  high  and 
low  lift  valves  and  whether  it  is  not  in  most  instances  by  accident 
rather  than  design.  The  assumption  is  that  manufacturers,  in 
designing  their  own  particular  style  of  valve  and  embodying  therein 
the  essential  features  of  mechanism,  have  produced  varying  designs 
and  dimensions  of  projecting  discs  and  regulating  rings,  which, 
together  with  varying  types  of  springs,  are  principally  accountable 
for  the  distinction  between  high  and  low  lift  valves  and  the  great 
differences  in  capacity  of  corresponding  catalogue  sizes.  For  these 
obvious  reasons  it  does  not  seem  possible  to  formulate  any  definite 
rule  that  could  be  put  into  general  practice  while  there  are  so 
many  variations  in  design. 

4  A  reasonably  consistent  solution  of  this  problem  might  be 
reached,  however,  by  the  adoption  of  a  general  ruling  requiring 
that  all  makes  of  valves,  regardless  of  design,  shall  be  so  propor- 
tioned that  the  steam  or  self-lifting  features  shall  conform  to  uniform 
discharging  capacities  for  catalogue  sizes.  In  this  event,  it  would 
probably  be  sufficient  that  listed  capacities  of  each  catalogue  size 
be  based  on  a  single  given  pressure  of  steam,  assuming  that  different 
pressures  would  proportionately  give  uniform  capacities,  varying  of 
course  as  the  pressure  varies,  but  in  direct  ratio  with  the  different 
pressures  of  steam.  This  method  would  practically  accomplish  tha 
desired  results  and  conform  to  the  present  amended  formula  of  the 
Steamboat  Inspection  Service. 


AUTHOKS'  CLOSURES 

F.  M.  Whyte.  It  appears  to  me  that  the  discussion  of  this  subject 
has  been  very  profitable,  both  to  those  who  have  considered  it  seri- 
ously, with  the  desire  to  profit  by  it,  and  to  those  few  who  have 
treated  it  with  asperity. 

2  It  has  been  made  apparent  that  there  is  much  to  be  learned  on 
the  subject,  and  it  is  plain  that  some  are  endeavoring  to  add  to  the 
present  knowledge  concerning  safety  valves;  those  few  who  have 
attempted  to  discredit  the  efforts  being  made  to  increase  our  knowl- 
edge on  the  subject,  and  the  spreading  of  such  new  data,  will,  no 
doubt,  profit  most  by  the  discussion,  providing  their  future  efforts 
are  better  advised  than  was  their  discussion  of  the  subject. 

3  The  object  of  presenting  the  subject  was  to  have  put  on  record 
as  much  information  about  safety  valves  as  might  be  possible,  to 
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urge  the  necessity  of  future  investigations,  and  if  possible  to  give 
tlieni  (lii-ection.     It  is  very  evident  that  tlie  object  will  be  fulfilled. 

Philip  G.  Darling,  Many  different  values  for  safety-valve  lifts 
are  at  present  being  advocated,  together  with  arguments  why  each  is 
the  highest  safe  or  advisable  value  for  general  use.  Recent  articles 
place  this  maximum  limit  variously  at  0.05  in.,  0.06  in.,  0.08  in., 
0.0!)  in.,  and  0.14  in.,  for  the  same  size  valves.  The  diversity  of 
these  values  raises  the  question  as  to  what  is  the  basis  in  setting 
such  limits,  and  whether  there  are  any  inherent  elements  or  prin- 
ciples of  design  calling  for  this  restriction. 

2  It  is  well  known  by  those  in  touch  with  foreign  manufacturers 
that  valve  lifts,  spring  compressions  and  other  valve  elements  are 
being  successfully,  and  in  places  universally  used,  which  are  rad- 
ically different  from  what  has  been  the  general  practice  in  this 
country. 

3  Two  cases  will  illustrate  this.  The  springs  on  3f-in.  triplex 
valves  of  the  Thornycroft  design,  used  widely  in  English  marine 
practice,  are  not  only  of  the  exposed  type,  but  have,  when  set  for 
a  designed  pressure  of  250  lb.,  a  compression  of  4  in.  These  are 
regular  safety  valves  of  the  same  principles  as  our  own  duplex 
valves.  To  those  who  would  condemn  a  compression  of  ^  in.  to 
f  in.  as  radically  high  and  unsafe  this  instance  should  be  suggestive 
;uid  help  to  l;)roaden  their  conceptions  of  the  possibilities  of  safety- 
voh'e  design.  Again,  in  London  Engineering,  February  26,  1909, 
reprinted  in  Power,  March  30,  1909,  J.  H.  Gibson  tells  of  excep- 
tionally good  results  obtained  in  a  valve  having  0.21-in.  lift.  He 
says:  "We  think  we  are  justified  in  the  assumption  .... 
that  anything  tending  to  reduce  the  size  of  these  important  fittings 
(safety  valves),  which  have  been -growing  to  abnormal  proportions 
of  late,  is  a  step  in  the  right  direction." 

4  These  two  illustrations  indicate  very  clearly  that  in  England 
no  inherent  valve  conditions  have  been  discovered  limiting  spring 
compressions  to  \  in.  or  valve  lifts  to  0.05  in,  and  0.08  in.  Nor  in 
fact  are  such  arbitrary  limits  actually  restricting  the  progress  of 
design  in  this  country, 

5  High  lift  is  not  synonymous  with  excess  safety-valve  capacity, 
A  boiler's  evaporation  absolutely  determines  the  necessary  safety- 
valve  capacity.  In  a  given  boiler  the  pounds  of  steam  per  hour 
which  the  valve  should  be  able  to  relieve  can  be  definitely  figuretl 
and  all  that  is  further  needed,  in  making  the  correct  valve  specifi- 
cation, is  the  capacity  of  the  safety  valves. 
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6  It  is  not  a  question  of  lift  for  itself,  but  of  requisite  relieving 
capacity,  and  if  this  is  obtained  with  a  3-in.  instead  of  a  4-in.  or 
4^-in.  valve  there  is  a  positive,  real  advantage,  not  only  in  original 
cost  but  in  the  maintenance  and  better  action  of  comparatively 
small  rather  than  large  valves. 

7  High  or  low  lift  is  a  question  of  personal  preference  on  the 
part  of  the  buyer,  a  question  of  legitimate  argument  for  and  against 
on  the  part  of  the  seller.  It  is  probably  better  for  the  progress  of 
safetj^-valve  design  that  manufacturers  should  not  agree,  that  buyers 
shoidd  have  a  preference  to  draw  from,  that  valves  having  different 
lifts  should  be  out  in  general  competitive  trial  as  they  are  today. 

8  It  is  thus  not  a  uniformity  in  the  lifts  of  different  valves 
which  the  engineering  public  should  demand,  but  rather  the  practice 
of  stating  relieving  capacities,  based  on  the  actual  lifts  existing  in 
the  valves  themselves.  The  assumption  of  an  average  lift  in  rating 
capacities  of  different  makes  of  valves  is  a  method  not  only  liable 
to  such  large  error  as  to  be  entirely  inadequate  and  unsafe,  but  it 
must  act  as  a  great  restriction  to  progress  in  valve  design.  The 
logical  policy  is  for  valve-makers  to  continue  to  advocate  each 
his  own  Lifts  and  capacities  for  valves,  but  on  the  other  hand  for 
all  to  agree  and  to  state,  and  if  desired,  to  guarantee,  what  the  actual 
relieving  capacities  of  their  valves  are.  If  the  capacities  were  stamped 
upon  the  valves,  as  already  done  by  one  maker,  it  would  give  a 
rational  basis  for  use  in  the  application  of  safety  valves  to  boilers. 

9  It  has  been  objected  that  capacities  thus  published  could  not 
be  verified  without  actual  capacity  runs,  such  as  the  Barberton 
tests  recorded  in  my  paper,  on  the  ground  that  in  some  valves  the 
effective  area  of  discharge  at  the  seat,  upon  which  the  formula  is 
based,  is  not  the  smallest  discharge  area;  or  even  if  it  is,  that  there  is 
is  a  material  throttling  or  holding  back  of  the  steam  flow.  Valves 
containing  the  original  Richardson  adjusting  ring  have  been  cited 
as  designs  in  which  this  choking  occurs. 

10  In  order  to  secure  information  upon  this  matter  prior  to 
conducting  the  direct-capacity  tests  at  Barberton  referred  to  in  my 
paper,  the  effective  discharge  areas  at  the  seat  and  at  the  most 
contracted  passage  between  the  lip  and  adjusting  ring  were  figured 
and  plotted  for  the  different  valves  tested  at  different  lifts.  Further, 
a  3i^-in.  valve  was  constructed  having  this  Richardson  ring  and 
projecting  disc  lip  design,  and  for  the  same  valve  another  disc  and 
ring  in  which  the  projecting  lip  was  cut  entirely  away.  In  the 
former  the  discliarging  steam  was  deflected  through  practically  90 
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deg.,  and  in  the  latter  the  steam  had  a  free  straightaway  passage. 
These  two  designs  were  radically  different  and  fairly  represented 
the  extremes  of  what  on  the  one  hand  seemed  to  be  a  choked  or 
impeded  steam  discharge  passage  and  on  the  other  a  free  open  one. 
11  The  effective  discharge  areas  of  the  two  taken  at  the  seat 
and  at  the  most  contracted  part  of  the  passage  between  the  lip  and 
rings  are  given  in  the  table  in    square    inches    for    different    lifts. 


TABLE  1     EFFECTIVE  DISCHARGE  AREAS 


Valve  with  projecting  lip^and 

Valve  without 

Richardson  ring 

the  lip 

Most  contracted 

Most  contracted 

Lift 

At  seat 

point  beyond 
seat 

At  seat 

point  beyond 
seat 

0.02 

0.16 

1.20 

0.16 

2.01 

0.06 

0.47 

1.40 

0.47 

2.14 

0.10 

0.79 

1.76 

0.79 

2.29 

0.14 

1.11 

2.27 

1.11 

2.43 

These  areas,  taken  with  Napier's  formula,  give  a  method  of  figuring 
the  theoretical  pressure  existing  in  the  "throttling  chamber"  under 
the  disc-lip;  that  pressure  being  to  the  boiler  pressure  as  the  effec- 
tive discharge  area  at  the  seat  is  to  the  most  contracted  area  between 
the  lip  and  ring  beyond.  The  highest  pressure  thus  indicated  in 
the  throttling  chamber  is  less  than  50  per  cent  of  the  corresponding 
boiler  pressure.  This  pressure  in  the  "throttling  chamber"  being 
the  discharge  pressure  of  steam  passing  over  the  valve  seat,  and 
the  full  flow  of  Napier's  formula  being  practically  unaffected  by 
any  discharge  pressure  less  than  60  per  cent  of  the  original  or  boiler 
pressure,  the  theoretical  conclusion  is  that  the  discharge  from  neither 
of  these  valves  would  be  affected  by  the  disc  design  or  discharge 
areas  outside  of  the  valve  seat. 

12  This  preliminary  reasoning  was  corroborated  in  the  direct- 
capacity  tests  run  at  the  Stirling  Works  of  the  Babcock  &  Wilcox 
Company  at  Barberton,  Par.  23,  b,  of  my  paper.  This  area  between 
the  lip  and  ring  of  the  regular  Richardson  ring  design  was  even 
further  contracted  by  running  the  adjusting  ring  up  a  full  addi- 
tional turn  (tV  in.)  under  the  projecting  lip  as  referred  to  in  Par. 
23,  c,  and  even  this  did  not  materially  alter  the  discharge. 

13  The  conclusion  is,  that  the  variations  in  design  of  different 
makes  of  safety  valves,  though  considerable  in  appearance,  are  in 
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no  case  of  a  character  to  alter  the  direct  relation  of  lift  to  capacity, 
and  thus  that  safety-valve  relieving  capacities  do  vary  directly  with 
the  lift  obtained  with  valves,  that  there  are  no  exceptions  to  this  as 
valves  are  being  constructed,  and,  therefore,  that  the  basis  upon  which 
the  proposed  safety-valve  capacity  formula  has  been  founded  is 
sound. 

14  The  discussion  has  contained  references  to  disastrous  results 
to  boilers,  such  as  the  opening  up  of  seams  and  fittings  due  to  the 
sudden  release  or  cutting  off  of  steam  by  the  safety  valve.  If  such 
disaster  could  result  from  the  action  of  even  the  largest  valves  it 
would  be  a  legitimate  argument  only  against  excess  valve-capacity 
and  never  against  a  proper  application  of  either  high  or  low  lift 
valves.  As  bearing  on  this  it  should  be  noted  that  enginemen 
generally  close  the  throttle  with  a  single  straight  push  of  the  lever, 
giving  nearly,  if  not  quite,  as  sudden  a  closing  as  a  safety  valve. 
On  the  larger  passenger  engines  this  means  the  sudden  stopping  of 
the  steam-flow  from  the  boiler  at  the  rate  of  20,000  lb.  to  30,000  lb. 
per  hour,  which  is  three  or  four  times  as  great  a  steam-flow  as  through 
the  corresponding  ''high-lift"  safety  valve  which  this  locomotive  would 
have.  A  3^-in.  valve  of  this  type  would  discharge  at  the  rate  of 
from  8000  lb.  to  11,000  lb.  an  hour,  the  former  at  closing,  the  latter 
at  opening. 

15  Locomotives  having  3^-in.  safety  valves  will  generally  have 
about  2-in.  blow-off  valves,  giving  a  vent  opening  of  3.14  sq.  in. 
These  valves  are  placed  below  the  water-level  and  are  generally 
operated  with  a  straight  lever  handle  or  pneumatically,  giving  an 
abrupt  open  and  close  from  full  area.  Suddenly  shutting  off  a  flow 
of  water,  which  is  a  comparatively  incompressible  substance,  would 
seem  to  be  more  of  a  shock  than  shutting  off  a  similar  flow  of  steam, 
which  is  an  elastic,  compressible  substance  forming  a  perfect 
cushion.  Hence,  the  shock  to  the  boiler  caused  by  the  closing  of 
the  safety  valve  handling  steam  instead  of  water,  and  with  but 
^  to  ^  the  area  of  the  blow-off  valve,  must  by  conrast  be  inap- 
preciable.    Yet  this  blow-off  arrangement  is  considered  good  practice. 

16  The  larger  the  safety  valve  compared  with  the  boiler  the 
greater  the  shock  to  the  boiler  due  to  its  action,  if  such  shock  exists. 
A  5-in.  valve  mounted  directly  upon  a  94-h.p.  test  boiler  would 
increase  or  accentuate  this  tendency  to  strain  over  say  a  3^-in. 
valve  on  an  800-b.h.p.  locomotive  surely  12  or  13  times.  Yet 
with  a  most  sensitive  boiler  pressure  test-gage  graduated  to  pounds 
and  mounted  upon  this  94-h.  p.  test  boiler,  absolutely  no  recoil  of 
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the  gage  hand  upward  either  at  the  opening  or  closing  of  a  5-in. 
valve  is  perceptible.  It  would  seem  that  some  increase  of  pressure 
such  as  would  be  indicated  upon  the  gage  would  be  positively  neces- 
sary to  transmit  a  strain  to  the  boiler. 

17  Two  cases  have  recently  come  to  my  notice  in  which  loco- 
motive safety  valves  have  loosened  from  their  spud  connecvions 
and  have  blown  off  while  the  boiler  was  under  its  full  steam  pressure. 
One  was  a  3^-in.  and  the  other  a  4-in.  valve,  which  therefore  opened 
areas  of  9.6  and  12.6  sq.  in.,  respectively,  while  the  maximum  cor- 
responding safety-valve  discharge  area  could  be  but  a  little  over 
one  square  inch.  Yet  no  damage  to  the  boilers  was  experienced. 
The  blowing-off  of  2-in.  locomotive  whistle  connections  has  been 
cited  as  a  not  infrequent  occurrence.  The  steam-relief  in  such 
accidents  is  of  course  more  sudden  than  with  a  safety  valve,  and  the 
fact  that  this  opening  of  ten  to  twelve  times  the  maximum  discharge 
area  of  the  corresponding  safety  valves  results  in  no  further  incon- 
venience than  the  replacing  of  the  fittings  raises  some  question  as 
to  the  actual  disaster  impending  in  the  use  of  valves  having  a  dis- 
charge area  of  but  1  sq.  in. 
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A  Gteneral  Report  on  the  Harriman  Rotary  Engine,  by  F.  C.  Morton. 
A  Report  of    Economy  Tests  on  the  Harriman  Rotary  Engine,   by  E.  F. 
Miller. 

Kerr  Turbine  Company,  Wellsville,  N.  Y.  Kerr  Steam  Turbine.  (Bulletin 
no.  8,  May  1909.) 

Kectffel  and  Esser  Company,  Hoboken,  N.  J.     Catalogue  for  1909. 

Manning,  Maxwell  &  Moore,  85-89  Liberty  St.,  New  York,  N.  Y.     1909. 

Catalogue  of  milling,  boring,  threading  machines,  planers,  lathes,  drills,  saws,  cranes,  grinders, 
presses,  shears,  and  machine  tools. 

McNab  &  Harlin  Mfg.  Co.,  50-56  John  St.,  New  York,  N.  Y.     1909.     (10th 
edition.) 
Catalogue  of  iron  and  brass  fittings  of  every  type  for  steam  fitters'  use. 

Moore  tfe  White  Co.,  Philadelphia,  Pa. 

1903.     Price  list  of  coupling,  friction  clutches,  pulleys,  shifters,  and  shafts. 
1906.     Catalogue  of  speed  changes,   cone-pulley  transformers,   tables  of  dimensions,  one 
detail  drawing  and  dimensions  of  the  Moore-White  Friction  Clutch. 

Niles-Bement-Pond  Company,  New  York,  N.  Y.     Heavy  Milling  Machines. 

Northwestern  Expanded  Metal  Co.,  Chicago,  III. 

Formulas,  diagrams,  and  data  of  strength,  stresses,  and  uses  of  beams  and  columns  in  build- 
ing materials. 

United  Engineering  &  Foundry  Co.,  Pittsburg,  Pa.,  1908. 

Catalogue  of  Rolling  Mill  Machinery,  including  Shears,  Lathes,  Accumulators,  Cranes,  Cars, 
Gears,  etc. 

Westinghouse  Electric  &  Mfg.  Co.,  Pittsburg,  Pa. 

Protective  Apparatus  for  lightning,  as  lightning  arresters,  safety  spark  gaps.     Luminous 
radiators  and  air  heaters. 

Willcox  Engineering  Co.,  Saginaw,  Mich. 
.    Uses,  Construction  and  Operation  of  Willcox  Water  Weigher,  Bulletins  3,  4  5,  6. 
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The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  15th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who  are 
capable  of  filling  responsible  positions.     Information  will  be  sent  upon  application. 


POSITIONS   AVAILABLE 

067  Manager  for  factory  located  at  Newark-on-Trent,  England. 

068  Instructor  in  mechanical  and  architectural  drawing,  for  Tuesday  and 
Thursday  evenings,  October  to  May.  I;Ocation,  Queens  Borough,  City  of  New 
York.  Experience  in  teaching  and  tact  required.  Familiarity  with  manufac- 
turing, drafting  room  methods  essential. 

069  SelUng  engineer  wanted  for  steam  condensers.     Location,  Philadelphia. 

070  Wanted,  ambitious  young  man,  with  selling  experience,  to  represent  in 
Chicago  a  company  manufacturing  transmission  machinery. 

071  Wanted,  young  technical  graduate  with  good  scholastic  record  and  at 
least  two  years'  practical  experience,  for  position  of  assistant  in  laboratory  of 
Engineering  School;  salary  $1000  for  academic  year.     Location,  Massachusetts. 

072  Man  experienced  in  general  machinery;  to  work  on  board  and  handle 
six  men  under  general  instruction  of  Chief  Engineer;  experience  absolutely  essen- 
tial on  jig  work  and  general  design.  Further,  experience  in  transmission,  convey- 
ing, gears,  etc.,  preferred;  good  opportunity  for  live  capable  man;  give  full  details 
of  experience,  salary  expected,  and  positions  previously  held,  naming  employers 
in  first  letter;  all  information  held  strictly  confidential;  immediate  opening;  loca- 
tion, Ohio. 


MEN    AVAILABLE 

254  Member,  with  fifteen  years'  experience,  an  expert  on  gas  engines,  gas  pro- 
ducers, gas  furnaces,  gasoline  and  oil  engines,  pumping  machinery  of  every 
description,  air  compressors,  blowing  engines,  rolling  mills,  etc.,  both  designer  and 
superintendent,  desires  change.  Now  chief  engineer  of  medium-size  shop;  would 
prefer  larger  concern  or  one  willing  to  take  up  these  branches  anew.  University 
graduate,  best  of  references. 
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255  Manual  training  and  university  technical  graduate;  age  33,  thirteen  years' 
practical  experience  in  machine  shop,  drafting,  designing,  testing,  estimating, 
etc.,  has  employed  and  had  charge  of  men;  desires  position,  preferably  in  Phila- 
delphia, or  vicinity.  Would  consider  an  opportunity  in  the  commercial  line  of 
engineering  or  manufacturing. 

256  Representative  of  gas  power  company,  desirous  of  entering  into  corre- 
spondence with  a  few  firms  in  the  machine  line  in  the  United  States  interested  in 
the  development  of  trade  in  Europe,  Asia,  and  Africa,  with  view  to  forming 
arrangements  to  represent  them. 

257  Chief  draftsman  and  designer  of  special  machinery'  for  manufacturing 
firm.  Five  years'  experience  power  plant  construction,  irrigation  and  general 
engineering.  At  present,  gas  and  mechanical  engineer  for  corporation.  Execu- 
tive ability.  Position  as  superintendent  of  maintenance  or  construction  or  as 
mechanical  engineer  with  contracting  or  consulting  firm. 

258  Associate,  age  29,  technical  graduate,  two  years'  experience  general  draft- 
ing, four  years  of  teaching  and  research  in  the  field  of  the  gas  producer,  gas  engine 
and  steam  boiler,  capable  of  directing  and  handling  both  mechanical  and  chemical 
sides  of  this  line  of  work,  desires  position  as  professor  or  assistant  professor  of 
experimental  engineering  or  as  testing  engineer  in  charge  of  experimental  work 
for  a  manufacturing  plant. 

259  Member,  long  experience  in  pumping  machinery,  air  compressors,  Corliss 
engines,  condensing  apparatus;  desires  position  as  chief  engineer  or  chief  drafts- 
man near  New  York. 

260  Assistant  engineer,  age  29,  Cornell  University,  M.  E.,  executive  and 
designing  abihty  and  good  business  judgment,  ability  as  investigator  and  organizer. 
Broad  general  experience  in  mechanical  and  civil  engineering  on  railroad  and  car 
work,  steam  boilers,  gas  engines,  industrial  plant  equipment,  power  house,  hydro- 
electric work,  special  designs;  seeks  position  as  works  manager  or  engineer  in 
moderate-sized  progressive  concern. 

261  Affiliate,  and  associate  member  Am.  Soc.  C.  E.,  eight  years'  experience 
on  design  and  construction  in  steel  and  reinforced  concrete,  especially  familiar 
with  power-houses  and  structures  for  street  railway  and  lighting  companies;  open 
for  engagement,  June  first. 

262  Junior  member,  graduate  mechanical  engineer,  seeks  position  which  will 
offer  a  future.  Three  and  a  half  years'  general  experience  as  draftsman,  steam 
engineering  and  special  work.     Present  salary  $125  per  month. 

263  Assistmg  manager  at  present  engaged  with  company  operating  blast 
furnaces,  mines,  etc.,  technical  education,  familiar  with  manufacture  of  merchant 
pig  iron,  including  Gayley  Dry  Blast,  and  all  details  entering  into  plant  operation ; 
can  handle  men  and  produce  results. 

264  Electrical  and  mechanical  engineer,  Cornell  graduate,  age  32,  desires 
change  of  position.  Practical  experience  includes  power  plant  and  shop  super- 
intendence; electric  and  pneumatic  power  distribution;  applications  of  electricity 
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in  manufacturing  plants,  particularly  individual  motor  drive;  specification  work 
and  correspondence.  Broad  knowledge  of  general  machinery;  executive  and  bus- 
iness ability;  highest  endorsements.  ^ 

265  Member,  with  business  training,  going  to  Europe  about  the  middle  of 
June,  would  Uke  to  act  as  representative  for  responsible  concern  where  honesty 
and  integrity  are  required. 

266  Member,  20  years'  experience  in  managing  shops,  building  heavy  machin- 
ery, successful  in  bettering  production,  good  designer,  desires  position  as  manager 
or  chief  engineer. 

267  Mechanical  engineer  with  broad  experience  in  sugar  machinery  desires 
position  as  chief  engineer  or  representative  with  manufacturing  concern. 

268  Member,  with  twenty  years'  experience  as  superintendent  and  manager 
of  large  manufacturing  concerns,  open  for  engagement.  Applicant  is  up-to-date 
in  all  the  latest  shop  methods  and  able  to  produce  large  quantities  of  work  at 
minimum  cost.     Can  handle  the  office  and  carry  out  the  business  end. 

269  Engineer,  age  30,  technical  graduate,  desires  position  as  manager,  super- 
intendent or  engineer;  experience  in  shop,  drafting,  devising,  and  instaUing  cost, 
shop  and  production  systems,  and  in  electrical  installations  for  industrial  plants. 

270  Affihate  (Gas  Power  Section),  supervising  draftsman  or  assistant  super- 
intendent, age  31,  practical  man  with  technical  education;  five  years  shop,  three 
and  one-half  years  drafting-room  experience;  gas  engines,  gas  producers  and  auto- 
mobiles; Middle  West  preferred. 

271  Sales  engineer  now  connected  with  prominent  firm  of  engineers  and  con- 
tractors; fifteen  years'  experience  with  pumping  machinery,  air  compressors,  antl 
steam-plant  contracting.  Considerable  experience  in  directing  sales  campaigns 
and  handling  salesmen;  capable  executive  and  organizer:  prefers  location  on 
Pacific  Coast,  Denver  or  Mexico, 

272  Member  desires  position  as  superintendent  or  manager;  now  employed; 
principal  experience  in  manufacturing  machine  shop  and  gray-iron  foundry,  as 
organizer  and  executive;  medium  and  small  work  in  quantity  and  quality,  such 
as  steam  and  power  pumps. 

273  Member,  competent  salesman  and  engineer,  located  in  New  York  City. 
Experienced  estimator  and  designer  on  special  work  and  manufacturing  plant 
equipments.     Open  for  engagement  to  act  as  Eastern  representative. 

274  Junior,  twenty-eight  years  of  age.  At  present,  designing  engineer  with 
large  company  building  anthracite  producers,  gas  engines,  Corliss  engines  and 
special  machinery.  Have  had  excellent  experience  in  shops  and  in  erecting 
engines  and  machinery.  Desire  to  take  position  as  assistant  to  chief  engineer  or 
as  chief  draftsman.  Prefer  to  locate  in  New  York  or  vicinity.  Can  furnish  the 
very  best  of  references  as  to  ability  and  character. 


814  EMPLOYMENT    BULLETIN 


275  Mechanical  and  electrical  engineer,  fifteen  years'  experience  in  railway, 
lighting  and  industrial  plants.  Manager,  designer,  or  superintendent  of  con- 
struction. 

276  Junior  technical  graduate,  at  present  located  in  drafting  room  of  motor 
power  department  of  railroad,  desires  to  change;  has  served  a  three  years'  special 
apprenticeship  in  shop  and  round  house  and  four  years  drafting,  part  of  the  time 
engaged  in  locomotive  testing  and  also  testing  different  railway  appliances. 


CHANGES  IN  MEMBERSHIP 

CHANGES    OF     ADDRESS 

ALTA,  Lucas  Nicholas  (1896),  Mech.  Engr.  and  member  of  Firm,  L.  N.  Alta  & 

Co.,  85    Binnenkant,    Amsterdam,  and  for    mail,  Breedeweg    26,  Water- 

graafsmeer,  Holland. 
AMES,  Joseph  H.  (1898),  Ch.  Engr.,  Am.  Car  and  Fdy.  Co.,  419  Rwy.  Exchange, 

Chicago,  and  438  Maple  Ave.,  Oak  Park,  111. 
ANGSTROM,  Carl  (1883),  Cons.  Engr.,  Stockholm  O,  Sweden. 
BALDWIN,  Abram  T.  (1899;  1902),  Life  Member;  Solvay  Process  Co.,  Detroit, 

Mich. 
BARKER,  Fred  P.  (Associate,  1907),  Inspr.,  U.  S.  Engr.  Office,  and /or  mail, 

oil  West  Ave.,  Buffalo,  N.  Y. 
BARNES,  William  O.  (1908),  Asst.  Supt.,  Miller  Lock  Co.,  Philadelphia,  and /or 

mail,  4642  Penn  St.,  Frankford,  Philadelphia,  Pa. 
BIERBAUM,  Christopher  H.   (1894;   1898),  Life  Member;  Cons.  Engr.,  V.P., 

Lumen  Bearing  Co.,  Robson  Smelting  Co.,  Pres.,  Molyneux  Mailing  Machines 

Co.,  616  Prudential  Bldg.,  and  80  Fargo  Ave.,  Buffalo,  N.  Y. 
BRADSHAW,  Grant  D.  (Junior,  1904),  Foreman  Billet  Mill,  111.  Steel  Co.,  and 

for  mail,  Box  532,  Gary,  111. 
BUCKLEY,  John  Francis  (1906),  Cons.  Engr.  to  Genl.  Supt.,  St.  Marys  Mch.  Co., 

St.  Marys,  O. 
BURLINGAME,  Luther  D.  (1903),  Ch.  Draftsman,  Brown  &  Sharpe  Mfg.  Co., 

and /or  mail,  15  Catalpa  Rd.,  Providence,  R.  I. 
COLE,  Cyrus  L.  (Junior,  1908),  Allis-Chalmers  Co.,  and /or  mail,  1862  Magnolia 

Ave.,  Chicago,  111. 
COMSTOCK,  Charles  Warren  (Associate,  1906),  Cons.  Engr.,  Caxton  Bldg.,  and 

1960  E.  97th  St.,  Cleveland,  O. 
CROLL,  A.  Gilbert  (Associate,  1901),  Supt.,  Atlas  Portland  Cement  Co.,  North- 
ampton, and /or  mail,  30  S.  West  St.,  Allentown,  Pa. 
CRUIKSHANK,  Barton  (1889;  1890),  Cons.  Engr.,  Morristown,  N.  Y. 
CURTIS,  Greely  S.  (1897;  1904),  Cons.  Engr.,  Fire  Dept.  Expt.,  73  Maiden  Lane, 

New  York,  and  Rye,  N.  Y. 
DAWLEY,  Clarence  A.  (Junior,  1904),  Cons.  Engr.,  323  W.  77th  St.,  New  York, 

N.  Y. 
DOW,  Carl  Stephen  (1899;  Associate,  1905),  with  Walter  B.  Snow,  170  Summer 

St.,  Boston,  and /or  yyiail,  24  Milton  Sq.,  Hyde  Park,  Mass. 
DRAPER,  Wm.  L.  (1899),  Main  St.,  Yarmouthport,  Mass. 
DULL,  Raymond  Wm.  (1908),  Ch.  Engr.,  Stephens  Adamson  Mfg.  Co.,  and /or 

mail,  464  Garfield  Ave.,  Aurora,  111. 
DUNHAM,  George  W.  (1908),  Ch.  Engr.,  Hudson  Motor  Car  Co.,  and  155  W. 

Euclid  Ave.,  Detroit,  Mich. 
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DUVILLARD,  Henry  A.  (1884),  Mech.  Engr.,  173  George  St.,  East  Side  Sta., 

Providence,  R.  I. 
EAYRS,  Thomas  C.  (Junior,  1905),  Westinghouse  Elec.  and  Mfg.  Co.,  1104  Trac- 
tion Bldg.,  Cincinnati,  O. 
ESTES,  William  Wood  (1891;  1904),  Designer,  Taft-Pierce  Co.,  Woonsocket,  and 

Jot  mail,  245  Waterman  St.,  East  Side  Sta.,  Providence,  R.  I. 
FAIRBANKS,  Adolphe  S.  (1899;  Associate,  1904),  Philadelphia  Rep.,   Engrg. 

Dept.,  Vandyck-Churchill  Co.,  917  Arch  St.,  Philadelphia,  Pa. 
FENNER,  David  C.  (1906),  1966-1968  Broadway,  New  York,  N.  Y.,  and  705 

Ravine  Rd.,   Plainfield,  N.  J. 
FERGUSSON,  Henry  A.  (1902),  Cons.  Engr.  and  Dist.  Sales  Agt.,  Steel  Roof 

Truss  Co.,  514  Bank  of  Commerce  Bldg.,  St.  Louis,  Mo. 
FIEUX,  Ernest  D.  (Junior,  1907),  V.  P.,  Genl.  Mgr.  and  Treas.,  L.  J.  Wing  Mfg. 

Co.,  90  West  St.,  and /or  mail,  200  Claremont  Ave.,  New  York,  N.  Y. 
FOSTER,  Horatio  A.  (1895),  Detroit  United  Ry.,  12  Woodward  Ave.,  Detroit, 

Mich. 
GAMON,  Ernest  E.  (Junior,  1904),  Mfr.,  Water  Meters,  and /or  mail,  420  Summer 

Ave.,  Newark,  N.  J. 
GANTT,  Henry  L.  (1888),  Manager,  1908-1911;  Cons.  Engr.,  Engineers  Club, 

32  W.  40th  St.,  New  York,  N.  Y. 
GARDNER,  L.  H.  (Junior,  1906),  Ch.  Engr.,  Herzog  Iron  Wks.,  1044  E.  7th 

St.,  and  536  Ashland  Ave.,  St.  Paul,  Minn. 
GAY,  Harry  (Associate,  1907),  Asst.  Engr.,  N.  Y.  C.  &  H.  R.  R.  R.,  1219  Grand 

Central  Sta.,  and /or  mail,  612  W.  137th  St.,  New  York,  N.  Y. 
GERRISH,  William  H.  (1901),  Supt.,  Travers  Mfg.  Co.,  542  W.  52d  St.,  New 

York,  N.  Y.,  and  71  17th  Ave.,  Paterson,  N.  J. 
HARMAN,  John  J.  (Junior,  1906),  Mech.  Engr.,  Harman  Engrg.  Co.,  120  Fredonia 

Ave.,  Peoria,  111. 
HART,  Frederick  L.  (1891),  53  Chnton  Ave.,  Jamaica,  L.  I.,  N.  Y. 
HAWKS,  Arthur  S.   (1904;   1909),  Engr.  Power  Dept.,  Bethlehem  Steel  Co., 

South  Bethlehem,  and  313  Wall  St.,  Bethlehem,  Pa. 
HAWLEY,  Wm.  Parker  (Junior,   1903),  Instr.  Mech.    Drawing,    Lewis   Inst., 

Chicago,  and  320  N.  64th  Ave.,  Oak  Park,  111. 
HERDMAN,  Frank  E.  (1889),  Mgr.  and  Engr.,  Water  and  Light  Properties, 

Winnetka,  111. 
HERRON;  James  H.  (1897;  1905),  2082  E.  90th  St.,  Cleveland,  O. 
HERTER,  Emil  (1894),  Mech.  Engr.,  Edison  Portland  Cement  Co.,  Edison  Lab., 

and  for  mail,  129  Park  Ave.,  Orange,  N.  J. 
HOUGH,  David  L.  (1891;  1892),  Pres.,  United  Engrg.  and  Contr.  Co.,  Managing 

Dir.,  Cuban  Engrg.  and  Contr.  Co.,  17  W.  42d  St.,  New  York,  N.  Y. 
HOWARD,  Chas.  Alton  (Junior,  1907),  E.  W.  Bhss  Co.,  Adams  and  Plymouth 

Sts.,  Brooklyn,  and /or  mail,  519  W.  124th  St.,  New  York,  N.  Y. 
HUTCHINSON,  Arthur  H.  (1899),  C.  W.  Kettering  Mercantile  Co.,  and /or  muiZ, 

1617  Wazee  St.,  Denver,  Colo. 
JAKOBSSON,  Herman  G.  (1907),  Ordnance  Designer,  War  Dept.,  Washington, 
[        D.  C. 
JEWETT,  Frank  N.  (1908),  Sales  Mgr.,  Wagner  Elec.  Mfg.  Co.,  6400  Plymouth 

Ave.,  and  jfor  mail,  6  Parkland  PI.,  St.  Louis,  Mo. 
JOHNSON,  F.  Amos  (1907),  22  Morris  St.,  Jersey  City,  N.  J. 


CHANGES    IN    MEMBERSHIP  817 

JOHNSON,  J.  E.,  Jr.  (1S96;  1901),  1002  King  St.,  Wilmington,  Del. 

KEITH,  Robert  R.  (Junior,  1904),  Asst.  Supt.,  A.  O.  Smith  Co.,  and /or  7nail, 

Flat  1,  296  Oakland  Ave.,  Milwaukee,  Wis. 
KEITH,  Thomas  M.  (Junior,  1905),  Genl.  Mgr.,  Link  Chain  Belt  Co.,  52  Dey  St., 

New  York,  and /or  mail,  241  Clifton  PI.,  Brooklyn,  N.  Y. 
KIRKUP,  Joseph  P.  (Junior,  1908),  1421  Arch  St.,  Philadelphia,  Pa. 
LANE,  Francis  W.  (Associate,  1900),  537  W.  67th  St.,  Chicago,  III. 
LEWIS,  Joseph  E.  (Junior,  1899),  Treas.,  Bush  Mfg.  Co.,  and  for  mail,  33  Barnard 

St.,  Hartford,  Conn. 
LOUD,  Henry  S.  (1901),  Ch.  Engr.,  U.  S.  Wood  Preserving  Co.,  165  Broadwa3^ 

New  York,  N.  Y.,  and /or  mail,  Morristown,  N.  J. 
McDEVITT,  Frank  J.  (Junior,  1906).  V.  P.  and  Mgr.,  Ohio  Steam  Specialty  Co., 

and /or  mail,  1011  Mahoning  Ave.,  Youngstown,  O. 
McGregor,  Alexander  Grant  (Junior,  1905),  118  T  St.,  Salt  Lake  City,  Utah. 
McKECHNIE,  Robert  R.  (1897),  South  Euchd,  O. 
MAGIN,  Frank  W.  (Junior,  1907),  AlHs-Chalmers  Co.,  71  Broadway,  New  York, 

N.  Y. 
MEAKER,  Guy  Larnard  (Junior,  1904),  Asst.  Supt.,  Am.  Steel  Wire  Co.,  Rock- 
dale Wks.,  and /or  mail,  216  Grover  St.,  Joliet,  111. 
METZ,  Walter  R.  (Junior,  1902),  Supt.  of  Bldgs.,  Govt.  Ptg.  Office,  and /or  mail, 

211  A  St.,  N.  E.,  Washington,  D.  C. 
MILNE,  James  (1907),  23  7th  Ave.,  W.,  Vancouver,  B.  C,  Canada. 
MORGAN,  John  R.  (1901),  Genl.  Mgr.,  Calumet  Engrg.  Wks.,  Harvey,  and  1838 

W.  99th  St.,  Walden,  Chicago,  HI. 
MORLEY,  Ralph  (Junior,  1906),  Mech.  Engr.,  .Transmission  Dept.,  |The  Fair- 
banks Co.,  New  York,  and /or  mail,  563  9th  St.,  Brooklyn,  N.  Y. 
MORRISON,  Herbert  H.  (1898;  1904),  Cons.  Engr.,  Syndicate  Trust  Bldg.,  St. 

Louis,  Mo. 
MUNBY,  Ernest  J.  (1906),    208  W.  59th  St.,  New  York,  N.  Y. 
NAYLOR,  Chas.  Wm.  (1905),  Ch.  Engr.,  Marshall  Field  &  Co.,  83  State  St.,  and 

for  mail,  2275  Congress  St.,  Chicago,  111. 
NEWBURY,  George  K.    (Junior,    1904),    Mgr.    Plate   Dept.,    Newbury   Mchy. 

Co.,  304  Century  Bldg.,  Denver,  Colo. 
NOBLE,  Alfred  (1907),  Civil  Engr.,  7  E.  42d  St.,  New  York,  N.  Y. 
OWEN,  Ira  June  (Junior,    1905),  Cons.  Engr.,  855-7  First  Natl.   Bank  Bldg., 

Chicago,  and  110  Maple  Ave.,  Oak  Park,  111. 
PATTERSON,  A.  W.,  Jr.  (1897;  1903),  409  P.  O.  Sq.  Bldg.,  Boston,  Mass. 
PEARSON,  Walter  Ambrose  (1907),  Rio  de  Janeiro  Tramway,  Light  and  Power 

Co.,  Ltd.,  Avenida  Central,  76,  Rio  de  Janeiro,  Brazil,  South  America. 
POSSELT,  Ejnar  (Junior,  1907),  Mech.  Engr.  and  Asst.  Mgr.,  St.  Louis  Portland 

Cement  Wks.,  and  for  mail.  Hotel  Berlin,  St.  Louis,  Mo. 
POWEL,  Samuel  W.  (1880),  Asst.  Mech.  Engr.,  Am.  Radiator  Co.,  care  Pierce 

Plant,  and  for  mail,  679  Auburn  Ave.,  Buffalo,  N.  Y. 
RANDALL,  Dwight  T.  (1904),  A.  D.  Little  Co.,  93  Broad  St.,  Boston,  Mass. 
RIPPEY,  S.  Howard  (1904;  1905),  Cons.  Engr.,  Sellers  &  Rippey,  1301  Stephen 

Girard  Bldg.,  Philadelphia,  Pa. 
RUGGLES,  Wm.  Barker  (1905),  Pres.,  Ruggles-Coles  Engrg.  Co.,  50  Church  St., 

New  York,  N.  Y.,  and  91  W.  5th  St.,  Bayonne,  N.  J. 
ST.  CLAIR,  James  Thorpe  (Junior,  1901),  5821  Clemens  Ave.,  St.  Louis,  Mo. 
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SAGUE,  Samuel  R.  (Junior,  1908),  Sales  Engr.,  Power  House  Equip.,  Strong, 

Carlisle  &  Hammond  Co.,  and  for  mail,  79  Belmore  Rd.,  Cleveland,  O. 
SHALLENBERGER,  Louis  R.  (1895;  1902),  239  Maple  Ave.,  Oak  Park,  111. 
SHEPHERD,  Wm.  G.  (1890;  1§04),  V.  P.  and  Genl.  Mgr.,  Shepherd  Engrg.  Co., 

Williamsport,  Pa. 
SMEAD,  William  H.  (Junior,  1906),  P.  O.  Box  699,  Atlanta,  Ga. 
SNOW,  Sylvester  M.   (1890),  Snow  &  Humphreys,  Room  62,  85  Water  St., 

Boston,  Mass.,  and /or  mail,  257  Gano  St.,  East  Side  Sta.,  Providence,  R.  I. 
SPIRO,  Charles  (1908),  Genl.  Mgr.,  Columbia  Typewriter  Mfg.  Co.,  and /or  mail, 

10  W.  121st  St.,  New  York,   N.  Y. 
STEARNS,  Albert  (1880),  Supt.,  Church  &  Dwight  Co.,  1406-1446  Willis  Ave., 

and  329  James  St.,  and /or  mail,  P.  O.  Box  74,  Syracuse,  N.  Y. 
SYMONS,  Wilson  E.  (1899),  Supt.  M.  P.  and  Mchy.,  Chicago  Great  Western  Ry., 

Met.  Opera  House  Blk.,  St.  Paul,  Minn. 
TAKEO,  Toshisuke  (1908),  Genl.  Mgr.,  Karatau  Iron  Wks.,  Nishikaratsu,  Hizen, 

Japan. 
THULLEN,  L.  H.  (1905),  Mech.  and  Elec.  Engr.,  96  William  St.,  East  Orange, 

N.  J. 
VANDERBILT,  Aaron  (1880;  1884;  1908),  Life  member;  Westhanipton,  L.  I., 

N.  Y. 
VAN  WINKLE,  Edward  (1904;  1908),  Cons.  Pat.  Engr.,  West  St.  Bldg.,  Cedar 

and  West  Sts.,  New  York,  and  The  Stuyvesant,  483  Park  PL,  Brooklyn, 

N.  Y. 
VON  PHILP,  C.  (1890),  Mgr.  Mchy.  Dept.,  Bethlehem  Steel  Co.,  South  Bethle- 
hem, Pa. 
WEST,  Thos.  D.  (1884),  West  Steel  and  Iron  Casting  Co.,  E.  70th  St.,  Cleveland,  O. 
WESTON,  Frederick  W.  (Associate,  1907),  Rep.  Baldwin  Loco.  Wks.,  Standard 

Steel  Wks.  Co.,  50  Church  St.,  and  14  W.  48th  St.,  New  York,  N.  Y. 
WILCOX,  Perley  Smith  (Junior,  1899),  Asst.  Mgr.  Kodak  Part  Wks.,  Eastman 

Kodak  Co.,  and /or  itiail,  10  Audubon  St.,  Rochester,  N.  Y. 
WILLIAMS,  Ernest  D.  (Junior,  1905),  Turbine  Dept.,  Genl.  Elec.  Co.,  and /or 

mail,   1306  Union  St.,   Schenectady,  N.  Y. 
WRIGHT,  Reginald  A.  (1907),  Ch.  Draftsman,  Phila.  &  Reading  Coal  and  Iron 

Co.,  and /or  mail,  Y.  M.  C.  A.  Bldg.,  Pottsville,  Pa. 

NEW    MEMBERS 

ALDRICH,  Chester  S.  (Junior,   1909),  Managing  Partner,  Gray-Aldrich  Co.,  7 

Commercial  Wharf,  Boston,  Mass. 
•ALGER,  Harley  C.  (Junior,  1908),  Supt.,  Willcox  Engrg.  Co.,  and /or  mail,  300 

Simonean  St.,  Saginaw,  Mich. 
AYERS,  Norwood  B.  (1908),  Ch.  Engr.,  Dayton  Lighting  Co.,  124  E.  4th  St., 

and  422  Summers  St.,  Dayton,  O. 
BABBITT,  Edward  F.  (1909),  Engr.  with  F.  L.  Packard,  Arch.,  and /or  mail, 

406  S.  Ohio  Ave.,  Columbus,  O. 
BEHREND,  Bernard  A.  (1909),  Elec.  and  Mech.  Engr.,  5754  Howe  St.,  E.E., 

Pittsburg,  Pa. 
BLUMGARDT,  Isaac  E.  (Associate,  190S),  501  W.  143d  St.,  New  York,  N.  Y. 
BOND,  Francis  M.  (Junior,  1909),  Forest  Service,  Washington,  D.  C. 
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BROWN,   John   Rowland    (1900;    1904;    1909),   Mecli.   Engr.,   Ohio   Brass   Co., 

Mansfield,  O. 
BRUCKNER,  Rudolph  E.   (1909),  Ch.  Engr.,  Commercial  Acetylene  Co.,  SO 

Broadway,  New  York,  N.  Y. 
BUMP,  Archie  Edmund  (Associate,  1908),  Mgr.  Constr.  Dept.,  Swift  &  Co.,  34 

N.  Market  St.,  Boston,  Mass. 
BUSHNELL,  Douglas  S.  (1909),  Genl.  Supt.,  Natl.  Transit  Co.,  26  Broadway, 

New  York,  N.  Y. 
CARPENTER,  Allan  O.  (Associate,  1909),  Ch.  Draftsman,  Chicago  Pneumatic 

Tool  Co.,  and /or  mail,  Box  271,  Franklin,  Pa. 
CROCKARD.  Frank  H.  (1909),  V.  P.  and  Genl.  Mgr.,  Tenn.Coal,  Iron  and  R.R. 

Co.,  Birmingham,   Ala. 
DISERENS,  Paul  (Junior,  1908),  Research  Asst.,  Univ.  of  111.,  and  for  mail, 

203  W.  Green  St.,  Urbana,  111. 
DUNCAN,  Albert  Greene  (1909),  Treas.,  Chicopee  Mfg.  Co.,  and  for  mail,  70 

Kilby  St.,  Boston,  Mass. 
ENNIS,  J.  B.  (1909),  Asst.  to  Mech.  Engr.,  Am.  Loco.  Co.,  50  Church  St.,  New 

York,  N.  Y.,  and /or  mail,  615  E.  24th  St.,  Paterson,  N.  J. 
FESSENDEN,  Chas.  Horace  (Junior,  1909),  Instr.  Mech.  Engrg.,  Univ.  of  Mich., 

Room  225,  New  Engrg.  Bldg.,  Ann  Arbor,  Mich. 
HAMILTON,  Chester  B.,  Jr.  (Junior,  1909),  Draftsman,  43  Madison  Ave.,  Toronto, 

Ont.,  Canada. 
HART,  Robert  W.  (Associate,  1909),  New  England  Mgr.,  Olds  Gas  Power  Co., 

Boston,  and  11  Glengarry,  Winchester,  Mass.      •■ 
HEM,  H.  O.  (1909),  V.  P.  and  Supt.,  H.  N.  Strait  Mfg.  Co.,  and  721  W.  18th  St.. 

Kansas  City,  Mo. 
HOGUE,  Ohver  D.  (1909),  Mgr.,  Power  Pump  Dept.,  Goulds  Mfg.  Co.,  1106  Tre- 

mont  Bldg.,  Boston,  Mass. 
HUNTER,  John  A.  (1909),  Steam  Engr.,  Am.  Sheet  and  Tin  Plate  Co.,  Pittsburg, 

and  for  mail,  553  MifHin  Ave.,  Wilkinsburg,  Pa. 
JEWETT,  Arthur  C.  (1909),  Prof.  Mech.  Engrg.,  Univ.  of  Maine,  Orono,  Me. 
JONES,  Walter  I.  (1909),  Cons.  Engr.,  60  Wall  St.,  New  York,  N.  Y. 
KELLOGG,  Harry  F.  (1909),  Mech.  Engr.,  Chicago,  New  York  &  Boston  Re- 
frigerator Co.,  and /or  mail,  5431  Jefferson  Ave.,  Chicago,  111. 
KESSLER,  Armin  Geo.  (Junior,  1909),     Instr.,  Sibley  College, . Cornell  Univ., 

and  for  mail,  805  E.  State  St.,  Ithaca,  N.  Y. 
KING,  Geo.  Caryl  (1908),  Asst.  Genl.  Mgr.  and  Mech.  Engr.,  Union  Irrigation 

Co.,  and  for  ma.il,  P.  O.  Box  133,  Washington,  La. 
KNIGHT,  Alfred  H.  (1909),  Asst.  Prof.  Mech.  Engrg.,  Univ.  of  Mich.,  and  1105 

Oakland  Ave.,  Ann  Arbor,  Mich. 
LEE,  Ralph  A.  (Junior,  1909),  Mech.  Draftsman,  414  78th  St.,  Brooklyn,  N.  Y. 
MAXWELL,  Max  Carson  (1908),  Head  Instr.  Applied  Mech.,  Pratt  Inst.,  Brooklyn. 

N.  Y. 
PECK,  Eugene  C.  (1909),  Genl.  Supt.,  Cleveland  Twist  Drill  Co.,  and  1242  E. 

49th  St.,  Cleveland,  O. 
PELLISSIER,  George  E.  (Associate,  1909),  Ch.  Engr.,  Goldschmidt  Thermit 

Co.,  90  West  St.,  and  510  W.  143d  St.,  New  York,  N.  Y. 
PHELPS,  Charles  C.  (Junior,  1909),  Gage  Pub.  Co.,  114  Liberty  St.,  New  York, 

N.  Y. 
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PLUNKETT,  Charles  T.  (1909),  V.  P.  and  Secy.,  Berkshire  Cotton  Mfg.  Co., 

Adams,  Mass. 
PUCHTA,  Edward  (1909),  Asst.  Supt.,  Western  Elec.  Co.,  48th  Ave.  and  W. 

24th  St.,  and /or  mail,  59  Buena  Ave.,  Chicago,  111. 
PULIS,  Wm.  Eugene  (Junior,  1909),  Industrial  Engr.,  Sayles  Bleacheries,  and 

for  mail,  P.  O.  Box  11,  Saylesville,  R.  I. 
RICHARDSON,  Levi  S.  (1909),  Draftsman,  N.  Y.  Edison  Co.,  New  York,  and 

for  mail,  Rosebank,  S.  I.,  N.  Y. 
RILEY,  Joseph  C.  (1909),  Asst.  Prof.  Mech.  Engrg.,  Mass.  Inst,  of  Tech.,  Boston, 

Mass. 
SEARLE,  Wilbur  C.  (Junior,  1909),  Heald  Mch.  Co.,  and /or  mail,  10  Townsend 

St.,  Worcester,  Mass. 
SHENBERGER,  Geo.  H.  (Junior,  1909),  Draftsman,  Lehigh  Coal  and  Naviga- 
tion Co.,  and  for  mail,  Lansford,  Pa. 
SMITH,  Carl  D.  (Junior,  1909),  Asst.  Engr.,  Tech.  Branch,  U.  S.  Geolog.  Survey, 

40th  and  Butler  Sts.,  Pittsburg,  Pa. 
STANTON,  Alden  D.  (Junior,  1909),  Ch.  Draftsman,  Dept.  Bldgs.  and  Grounds, 

Columbia  Univ.,  New  York,  and  for  mail,  378  Greene  Ave.,  Brooklyn,  N.  Y. 
T.VYLOR,  John  W.  (Junior,  1909),  Ch.  Draftsman,  Russell  Eng.  Co.,  and  for  mail, 

88  3d  St.,  Massillon,  O. 
THOMPSON,  Edward  C.  (Junior,  1909),  Mech.  Engr.  and  Mgr.,  C.  W.  Traner 

Mfg.  Co.,  and  for  mail,  89  Pearl  St.,  Boston,  Mass. 
THOMPSON,  Sanford  E.  (1909),  Cons.  Engr.,  Newton  Highlands,  Mass. 
THURSTON,  Edward  D.,  Jr.,  (Junior,  1909),  Asst.  Dept.  Mech.  Engrg.,  Columbia 

Univ.,  and /or  mail,  617  W.  113th  St.,  New  York,  N.  Y. 
TIPLADY,  John  T.  (1909),  Supt.  Mch.  and  Power  Plant,  Variety  Iron  and  Steel 

Wks.  Co.,  Cleveland,  O. 
TUTTLE,  Irving  E.  (Junior,  1909),  Mech.  Draftsman,  Westinghouse,  Church,  Kerr 

&  Co.,  New  York,  and  for  mail,  198  Greene  Ave.,  Brooklyn,  N.  Y. 
WHITING,  Richard  A.   (Junior,   1909),  Instr.  Exper.  Engrg.,  Stevens  Inst., 

Hoboken,  N.  J.,  and /or  mail,  137  W.  117th  St.,  New  York,  N.  Y. 
WILLS,  C.  Harold  (1909),  Ch.  Engr.  and  Factory  Mgr.,  Ford  MotorCo.,  and /or 

mail,  39  Bethune  Ave.,  W.,  Detroit,  Mich. 
WILLSON,  Ernest  M.  (Associate,  1909),  Ch.  Draftsman,  Hart-Parr  Co.,  and /or 

m,ail,  601  Wisconsin  St.,  Charles  City,  la. 
WOOLLEY,  Harold  O.  (Junior,  1909),  Draftsman.  Power  Specialty  Co.,  Dans- 

ville,  N.  Y. 

PROMOTIONS 

CASTANEDO,  Walter  (1907;   1909),  Member  of  Firm,  Glenny  &  Castanedo. 

1125-27  Maison  Blanche  Bldg.,  and /or  mail,  1514  Peters  Ave.,  New  Orleans, 

La. 
CHATARD,  Wm.  Miles  (1903;  1909),  Dist.  Mgr.,  Carbondale  Mch.  Co.,  1412 

Continental  Bldg.,  and  5  W.  Chase  St.,  Baltimore,  Md. 
DALE,  Orton  G.  (1894;  1909),  Mgr.,  Mead-Morrison  Mfg.  Co.,    11    Broadway, 

New  York,  N.  Y.,  and  Plainfield,  N.  J. 
DILLARD,  James  B.  (1907;  Associate,  1909),  Capt.  Ordnance  Dept.,  War  Dept.. 

Washington,  D.  C. 
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HUNTER,  James  Francis  (1899;  1909),  Asst.  Engr.  of  Constr.,  Cons.  Gas  Co.,  4 

Irving  PI.,  New  York,  N.  Y.,  and  1517  Bolton  St.,  Baltimore,  Md. 
IDELL,  Percy  C.  (1901;  Associate,  1909),  Sales  Dept.,  Babcock  &  Wilcox  Co., 

85  Liberty  St.,  New  York,  N.  Y.,  and /or  mail,  1026  Hudson  St.,  Hoboken, 

N.  J. 
KILGOUR,  Dwight  F.  (1905;  1909),  Mech.  Engr.,  Chas.  E.  Cotting,  Trustee, 

11  Pemberton  Sq.,  Boston,  Mass. 
POMEROY,  L.  R.  (1890;  1909),  Asst.  to  Pres.,  Safety  Car  Heating  and  Lighting 

Co.,  2  Rector  St.,  New  York,  N.  Y.,  and  24  Reynolds  Terrace,  Orange,  N.  J. 
ROBINSON,  Garland  P.  (1902;  1909),  Pub.  Service  Com.,  2d  Dist.,  Albany, 

N.  Y. 
WHITTED,  Thomas  B.  (1900;  1903;  1909),  Pres.,  Thomas  B.  Whitted  &  Co., 

Contr.  Eugrs.,  Piedmont  BIdg.,  and  317  W.  5th  St.,  Charlotte,  N.  C. 

DEATHS 
CALDWELL,  Andrew  J. 
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DAWLEY,  Clarence  A.  (1908),  Con>«.  Engr.,  323  W.  77th  St.,  New  York,  N.  Y. 
HOWARD,  Chas.  Alton  (1908),  E.  W.  Bliss  Co.,  Adams  and  Plymouth  Sts.," 

Brooklyn,  and /or  mail,  519  W.  124th  St..  New  York,  N.  Y. 
MORLEY,  Ralph  (1908),  Mech.  Engr.,  Transmission  Dept.,  The  Fairbanks  Co., 

New  York,  and /or  mail,  563  9th  St.,  Brooklyn,  N.  Y. 
MORRISON.  Herbert  H.  (1908),  Cons.  Engr.,  Syndicate  Trust  Bldg.,  St.  Louis 

Mo. 
THULLEN,  L.  H.  (1908),  Mech.  and  Elec.  Engr.,  96  William  St.,  East  Orange, 

N.  J. 
VAN  WINKLE,  Edward  (1908),  Cons.  Pat.  Engr.,  West  St.  Bldg.,  Cedar  and 

West  Sts.,  New  York,  and  The  Stuyvesant,  483  Park  PI.,  Brooklyn,  N.  Y. 
VERKOUTEREN,  A.  J.  (AffiHate,  1908),  Cons.  Engr.,  35  Richelieu  Terrace, 

Newark,  N.  J. 

NEW    MEMBERS 

BAILY,  Thaddeus  F.  (Affiliate,  1909),  Genl.  Mgr.  and  Engr.,  Baily  Eng.  Co., 

Alliance,  O. 
BALLIN,  Alfred  Edward  (1909),  Asst.  Ch.  Engr.,  Snow  Steam  Pump  Wks.,  and 

188  W.  Utica  St.,  Buffalo,  N.  Y. 
BULMER,  Wm.  Carr  (Affiliate,  1909),  525  Division  Ave.,  Ann  Arbor,  Mich. 
COLE,  Arthur  W.  (1909),  Instr.  Mech.  Engrg.,  Purdue  Univ.,  Lafayette,  and /or 

mail.  224  Waldron  St.,  West  Lafayette.  Ind. 
DOW,  Benjamin  W.  (Affiliate,  1909),  7  Standish  St.,  Dorchester,  Mass. 
ENGLISH,  Harry  K.  (1909),  Box  688,  Gary,  Ind. 
FAIRFIELD,  Howard  P.   (1909),  Instr.,  Worcester  Poly.  Inst.,  and  for  mail, 

25  John  St.,  Worcester,  Mass. 
FULLER,  Edgar  H.  (Affiliate,  1909),  Sales  Mgr.,  Root  &  Van  Dervoort  Engrg. 

Co.,  East  Moline,  111. 
GOLDINGHAM,  Arthur  H.  (1909),  De  La  Vergne  Mch.  Co.,  Foot  E.  138th  St., 

and  for  mail,  457  W.  123d  St.,  New  York,  N.  Y. 
GORE,  Warren  W.  (1909),  V.P.,  Gas  Power  Mfg.  Co.,  Seattle,  and /or  mail,  1610 

Main  St.,  Olympia,  Washington. 
GRAVES,  Carleton  A.   (Affiliate,   1909),  Power  Engr.,  Edison  Elec.  Go.,  360 

Pearl  St.,  Brooklyn,  N.  Y. 
LANG,  Charles  (1909),  N.  Y.  Mgr.,  C.  H.  Wheeler  Mfg.  Co.,  114  Liberty  St.,  New 

York,  and  348  Jefferson  Ave.,  Brooklyn,  N.  Y. 
LUTHER,  Stephen  G.  (1909),  Asst.  Ch.  Draftsman,  Gas  Eng.  Dept.,  Snow  Steam 

Pump  Wks.,  and /or  mail,  469  Prospect  Ave.,  Buffalo,  N.  Y. 


GAS  POWER  SECTION  823 

MACNEILL,  M.  B.  (Affiliate,  1909),  Hyd.  Engr.,    Watson-Stillman   Co.,   New 

York,  N.  Y.,  and /or  mail,  251  North  Ave.,  W.,  Cranford,  N.  J. 
MORDEN,  Charles  W.  (Affiliate,  1909),  206  West  St.,  Worcester,  Mass. 
MUNRO,  George  W.  (Affiliate,  1909),  Purdue  Univ.,  Lafayette,  Ind. 
PARKER,  Charles  H.  (1909),  Asst.  Supt.  Generating  Dept.,  Boston  Edison  Co., 

3  Head  PL,  and  260  Clarendon  St.,  Boston,  MaSs. 
PERCY,  Earle  N.  (1909),  Engr.,  Imperial  Gas  Eng.  Co.,  and /or  mail,  3570  Clay 

St.,  San  Francisco,  Cal. 
PIERSON,  Robert  M.  (Affiliate,  1909),  Pat.  Solicitor,  149  Broadway,  New  York, 

N.  Y. 
ROBINSON,  Edward  P.  (1909),  Supt.,  Atlantic  Wks.,  80  Border  St.,  East  Boston, 

Mass. 
SOUTHWORTH,  Martin  O.  (1909),  Elec.  Engr.,  Fairbanks,  Morse  &  Co.,  481 

Wabash  Ave.,  and /or  mail.  Hotel  Windemere,  Chicago,  111. 
THOMPSON,  Wm.  K.  (Affiliate,  1909),  Secy.,  Western  Gas  Eng.  Co.,  908  N. 

Main  St.,  Los  Angeles,  Cal. 
WARMAN,  William  A.  (1909),  Supt.  and  Designer,  Keller  Mech.  Engr.  Co.,  570 

W.  Broadway,  New  York,  N.  Y. 


COMING  MEETINGS 

Secretaries   or  members   of  societies  whose  meetings  are  of  interest  to  engineers  are  ■ 
invited  to  send  in  their  nctices  for  publication  in  this  department.     Such  notices  should  be 
in  the  editor's  hands  by  the  15th  of  the  month  preceding  the  meeting. 

.-AERONAUTIC  SOCIETY 

June    16,  etc.,  evenings,  weekly   meetings.    Automobile  Club   of   America, 

W.  54th  St.,  New  York.     Secy.,  Wilbur  R.  Kimball. 
AMERICAN  BOILER  MANUFACTURERS  ASSOCIATION 

August  10-12,  Hotel  Ponchartrain,  Detroit,  Mich.     Secy.,  J.  D.  Farasey, 

E.  37th  St.  and  Erie  Ry.,  Cleveland,  O. 
AMERICAN  CHEMICAL  SOCIETY 

June  29-July  2,  Detroit,  Mich.     Secy.,  Chas.  L.  Parsons,  Durham,  N.  H. 
AMERICAN  GAS  POWER  ASSOCIATION 

July  22,  quarterly  meeting,  Minneapolis,  Minn.     Secy.,  R.  P.  Gillette. 
AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 

June  24-25,  semi-annual  meeting.  Polytechnic  Institute,  Brooklyn,  N.  Y. 

Papers:  The  Utilization  of  Low  Grade  Fuels  in  the  United  States,  O.  K. 

Zwingneberger;  Creosote  Oil  from  Coal  Gas  Tar,  S.  P.  Sadtler;  Automatic 

Acid  Egg,  Richard  K.  Meade;  Some  Experiments  on  Case  Hardening  of  Steel 

with  Gases,  J.  C.  Olsen;  New  York  Metropolitan  District  as  a  Center  for  Great 

Industries,  C.  F.  McKenna;  Methods  of  Clay  Control,  J.  G.  Dean.     Secy., 

J.  C.  Olsen. 
AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 

June  28,  Annual  Convention,  Frontenac,  N.  Y.     Secy.,  Ralph  W.  Pope, 

33  W.  39th  St.,  N.  Y. 
AMERICAN  PORTLAND  CEMENT  MANUFACTURERS 

July   13,   quarterly  meeting,   Philadelphia,   Pa.     Secy.,   Percy  H.   Wilson, 

Land  Title  Bldg. 
AMERICAN  RAILWAY  MASTER  MECHANICS'  ASSOCIATION 

June  16-18,  Annual  Convention,  Atlantic  City,  N.  J.     Secy.,  Jos.  W.  Taylor, 

390  Old  Colony  Bldg.,  Chicago,  111. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

June  16,  September  1,  semi-monthly  meetings,  220  W.  57th  St.,  New  York, 

July  6-9,  Annual  Convention,  Mt.  Washington  Hotel,  Bretton  Woods,  N.  H. 

Secy.,  C.  W.  Hunt. 
AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS 

July  15,  16,  summer  meeting,  Indianapolis,  Ind.     Secy.,  W.  M.  Mackay, 

P.  O.  Box  1818,  New  York. 
AMERICAN  SOCIETY  OF  HUNGARIAN  ENGINEERS  AND  ARCHITECTS 

June  5,  29  W.  39th  St.,  New  York,  8.30  p.m.     Secy.,  Zoltan  de  Nemeth,  103 

E.  16th  St. 
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AMERICAN  SOCIETY  OF  SWEDISH  ENGINEERS 

September  4,  semi-monthlj'-  meeting,  Brooklyn,  N.  Y.     Secy.,  E.  Hammer- 

strom,  271  Hicks  St. 
AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

June  29-July  3,  annual  meeting,  Hotel  Traymore,  Atlantic  City,  N.J.     Secy., 

Edgar  Marburg,  Univ.  of  Penna.,  Philadelphia,  Pa. 
AMERICAN  WATER  WORKS  ASSOCIATION 

June  8-12,  Annual  Convention,  Milwaukee,  Wis.     Secy.,  J.  M.  Diven,  14 

George  St.,  Charleston,  S.  C. 
ASSOCIATION  OF  CAR  LIGHTING  ENGINEERS 

June  7,  semi-annual  meeting,  New  York.     Secy.,   G.  B.  Colegrove,  6250 

Drexel  Ave.,  Chicago,  111. 
ASSOCIATION  OF  RAILWAY  CLUB  SECRETARIES 

June  19,  annual  meeting,  Atlantic  City,  N.  J. 
ASSOCIATION  OF  RAILWAY  TELEGRAPH  SUPERINTENDENTS 

June  23-25,  Detroit,  Mich.     Secy.,  P.  W.  Drew,  Room  511,  Harvester  Bldg., 

Chicago,  111. 
BLUE  ROOM  ENGINEERING  SOCIETY 

July  1,  August  5,  monthly  meetings,  29  W.  39th  St.,  New  York,  8  p.m. 

Secy.,  W.  D.  Sprague. 
BOSTON  SOCIETY  OF  CIVIL  ENGINEERS 

June  16,  monthly  meeting,  Tremont  Temple.     Secy.,  S.  E.  Tinkham,   60 

City  Hall. 
BROOKLYN  ENGINEERS'  CLUB 

June  3,  117  Remsen   St.   Paper:  Gas   Engines,  Geo.  A.  Orroi.     June    10, 

Machinery  Club,  50  Church  St.     Secy.,  Joseph  Strachan. 
CANADIAN  ELECTRICAL  ASSOCIATION 

June  16-18,  annual  Convention,  Quebec.      Secy.,  T.  S.  Young,  Confederation 

Life  Bldg.,  Toronto. 
CANADIAN  FREIGHT  ASSOCIATION 

July  15,  quarterly  meeting,     Secy.,  T.  Marshall,  Toronto. 
CANADIAN  GAS  ASSOCIATION 

June  25,  annual  meeting,  Toronto,  Ont.     Secy.,  A.  W.  Moore,  Woodstock. 
CANADL\N  INDEPENDENT  TELEPHONE  ASSOCIATION 

September,  annual  meeting.     Secy.,  F.  P.  Wilson,  405  Confederation  Life 

Bldg.,  Toronto. 
CANADIAN  RAILWAY  CLUB 

September   7,   monthly  meeting,   8   p.m.,   Windsor  Hotel,    Montreal,  Que. 

Secy  ,  Jas.  Powell,  St.  Lambert,  P.  Q. 
CAR  FORExMEN  'S  ASSOCIATION  OF  CHICAGO 

June  14,  monthly  meeting.  Masonic  Temple.     Secy.,  Aaron  Klme,  326  N. 

50th  St. 
CENTRAL  RAILWAY  CLUB. 

September  10,  Hotel  Iroquois,  Buffalo,  N.  Y.,  8  p.  m.     Secy.,  H.  D.  Vought, 

95  Liberty  Street,  New  York. 
COLORADO  SCIENTIFIC  SOCIETY 

July  ?,,  monthly  meeting,  Denver.     Secy.,  Dr.  W.  A.  Johnston,  801  Symes 

Bldg. 
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DENVER  SOCIETY  OF  CIVIL  ENGINEERS 

June  8,  monthly  meeting,  36  Jacobson  Bldg.     Secy.,  Walter  Pearl. 
ELECTRIC  CLUB  OF  CHICAGO 

June   16,  etc.,  weekly  meetings,  noon,  Chicago  Automobile  Club.     Secy., 

W.  S.  Taussig,  Marquette  Bldg. 
ENGINEERING  ASSOCIATION  OF  THE  SOUTH 

June  15,  monthly  meeting.     Secy.,  H.  M.  Jones,  2  Berry  Blk.,  Nashville, 

Tenn. 
ENGINEERS  AND  ARCHITECTS'  CLUB  OF  LOUISVILLE,  KY. 

June  21,  monthly  meeting,  303  Norton  Bldg.     Secy.,  Pierce  Butler. 
ENGINEERS'  CLUB  OF  CENTRAL  PENNSYLVANIA 

September  7,  monthly  meeting,   Gilbert  Bldg.,  Harrisburg.     Secy.,  E.   R. 

Dasher. 
ENGINEERS'  CLUB  OF  CINCINNATI 

June  17,  monthly  meeting,  25  E.  8th  St.     Secy.,  E.  A.  Cast,  P.  O.  Box  333. 
ENGINEERS'  CLUIB  OF  MINNEAPOLIS 

June  21,  July  19,  August  16,  monthly  meetings,  City  Hall. 
ENGINEERS'  CLUB  OF  PHILADELPHIA 

September  4,  etc.,  semi-monthly  meetings,   1122  Girard  St.     Secy.,  W.  P. 

Taylor. 
ENGINEERS'  CLUB  OF  ST.  LOUIS 

June  16,  September  1,  semi-monthly  meetings,  3817  Olive  St.     Secy.,  R.  H. 

Fernald. 
ENGINEERS'  CLUB  OF  TORONTO 

June  17,  24,  September  2,  etc.,  weekly  meetings,  96  King  St.,  W.     Secy., 

R.  B.  Woolsey. 
ENGINEERS'  SOCIETY  OF  MILWAUKEE 

June  9,  annual  meeting,  September  8,  monthly  meeting,  456  Broadway. 

Secy.,  W.  Fay  Martin. 
ENGINEERS'  SOCIETY  OF  PENNSYLVANIA 

June  15,  regular  meeting,  September  7,  section  meeting.     Secy.,  E.  K.  Hiles, 

803  Fulton  Bldg.,  Pittsburgh,  Pa. 
FREIGHT  CLAIM  ASSOCIATION 

June  16,  annual  meeting.   Old    Point  Comfort,  Va.      Secy.,  W.    P.  Taylor, 

Richmond,  Va. 
INTERNAL  COMBUSTION  ENGINEERS  ASSOCIATION 

June  11,  July  9,  August  13,  monthly  meetings,  Sherman  House,  Chicago,  111. 

Secy.,  H.  R.  Linn,  61  Ward  St. 
INTERNATIONAL  ACETYLENE  ASSOCIATION 

August  9-11,   annual  meeting.   Hotel  Knickerbocker,   New  York.     Secy., 

A.  Cressy  Morrison,  157  Michigan  Ave.,  Chicago,  111. 
INTERNATIONAL  ASSOCIATION  OF  FIRE  ENGINEERS 

August  17-20,  Grand  Rapids,  Mich.     Secy.,  Jas.  McFall,  Roanoke,  Va. 
INTERNATIONAL  RAILROAD  MASTER  BLACKSMITHS'  ASSOCIATION 

August  18,  Niagara  Falls,  N.  Y.     Secy.,  A.  L.  Woodworth,  Lima,  O. 
INTERNATIONAL  RAILWAY  FUEL  ASSOCIATION 

June  21-23,  annual  meeting.  Auditorium  Hotel,  Chicago,  111.     Secy.,  D.  B. 

Seba  tian,  327  La  Salle  St.  Sta.,. Chicago. 
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IOWA  DISTRICT  GAS  ASSOCIATION 

June  23-25,  annual  meeting,  Waterloo,  la.     Secy.,  G.  I.  Vincent,  Des  Moines. 
IOWA  RAILWAY  CLUB 

June  11,  September  10,  Union  Sta.,  Des  Moines.     Secy.,  W.  B.  Harrison. 
LOUISIANA  ENGINEERING  SOCIETY 

June  14,  monthly  meeting,  .321  HiberniaBldg.,  New  Orleans.    Secy.,  L.  C.Datz. 
MASSACHUSETTS*  STREET  RAILWAY  ASSOCIATION 

September  S,  Young's  Hotel,  Boston.     Secy.,  Chas.  S.  Clark,  70  Kilby  St. 
MASTER  CAR  BUILDERS'  ASSOCIATION 

June  21-23,  annual  Convention,  Atlantic  City,  N.  J.     Secy.,  Jos.  W.  Taylor, 

390  Old  Colony  Bldg.,  Chicago,  111. 
MASTER  MECHANICS  ASSOCIATION 

June,  Convention,  Atlantic  City,  N.  J. 
MODERN  SCIENCE  CLUB 

June  13,  etc.,  weekly  meetings,  125  S.  Elliott  PI.,  Brooklyn,  N.  Y.     Secy., 

Jas.  A.  Donnelly. 
NATION.AL  ASSOCIATION  OF  COTTON  MANUFACTURERS 

September,  annual  meeting.     Secy.,  C.  J.  H.  Woodbury,  P.  O.  Box  3672. 
NATIONAL  ASSOCIATION  OF  GERMAN-AMERICAN  TECHNOLOGISTS 

August  28-31,  annual  meeting,  532  N.  4th  St.,  Philadelphia,  Pa.     Secy., 

O.  Giissefeldt,  456  Richmond  St. 
NATIONAL  ELECTRIC  LIGHT  ASSOCIATION 

June  1^,  Atlantic  City,  N.  J.     Papers:  Private  Policy,  Paul  Liipke;  Unique 

Features  in  Power  Plant  Design,  G.  L.  Knight;  Low-Pressure  Steam  Turbines, 

C.  H.  Smoot;  Compilation  of  Load  Factors,  E.  W.  Lloyd;  Electric  Power, 

H.  J.  Gille;   New  York  High-Pressure  Fire  System,  Arthur  WilUams;  Central 

Station  Operation  of  Steam  Plants  in  Connection  with  Central  Station  Service, 

S.  Morgan  Bushnell  ;  etc.    Secy.,  John  F.  Gilchrist,  29  W.  39th  St.,  New  York. 
NATIONAL  GAS  AND  GASOLENE  ENGINE  TRADES  ASSOCIATION 

June  22-24,  Oliver  Hotel,  South  Bend,  Ind.     Secy.,  A.  Stritmatter,  Cincin- 
nati, Ohio. 
NEWARK  TECHNOLOGICAL  SOCIETY 

June  9,  842  Broad  St.,  Newark,  N.  J.     Secy.,  W.  Riehl,  235  N.  J.  R.  R.  Ave. 
NORTHERN  RAILWAY  CLUB 

June  26,  July  24,  August  28,  monthly  meetings,  Co    mercial  Club  Rooms, 

Duluth,  Minn.     Papers:  June,  Demurrage,  its  Benefits,  Necessity,  etc.,F.L. 

Klock;  July,  Steel  vs.  Wooden  Freight  and  Passenger  Cars,  their  Relative 

Cost,  their  Use  and  Repairs,  etc.,  W.  A.  Clark;    August,  Steel  vs.  Wooden 

Ties,  W.  H.  Hoyt.     Secy.,  C.  L.  Kennedy,  401  W.  Superior  St. 
OHIO  ELECTRIC  LIGHT  ASSOCIATION 

July  13-15,  annual  Convention,  Toledo.      Secy.,  D.  L.   Gaskill,   Greenville. 
PROVIDENCE  ASSOCIATION  OF  MECHANICAL  ENGINEERS 

June  22,  annual  meeting,  Alfredian  Hall,  123  Eddy  St.     Secy.,  T.  M.  Phette- 

place,  48  Snow  St. 
RENSSELAER  SOCIETY  OF  ENGINEERS 

June  18,  257  Broadway,  Troy,  N.  Y.     Secy.,  R.  S.  Furber. 
RICHMOND  RAILROAD  CLUB 

September  13,  monthly  meeting,  8    p.m.      Secy.,  F.  O.  Robin  on,  C-  &  O. 

Ry..   Richmond,    Va. 
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ROCHESTER  ENGINEERING  SOCIETY 

June  11,  July  9,  August  13,  monthly  meetings.     Secy.,  John  F.  Skinner, 

54  City  Hall. 
ROCKY  MOUNTAIN  RAILWAY  CLUB 

June  19,  monthly  meeting.     Secy.,  J.  E.  Buell,  Denver,  Colo. 
ST.  LOUIS  RAILWAY  CLUB 

September  10,  monthly  meeting.  Southern  Hotel,    8   p.m.     Secy.,  B.  W. 

Frauenthal,  Union  Sta. 
SCRANTON  ENGINEERS'  CLUB 

June  17,  July  15,  August  19,   monthly  meetings,  Board  of  Trade  Rooms. 

Secy.,  A.  B.  Dunning. 
SHORT  LINE  RAILROAD  ASSOCIATION 

July  13,  August  10,  60  Wall  St.,  New  York.     Secy.,  John  N.  Drake. 
SOCIETY  OF  RAILWAY  FINANCIAL  OFFICERS 

September  7,  8,  Ft.  Wilham  Henry,  Lake  George,  N.  Y.      Secy.,  C.  Norquist, 

Chicago,  111. 
SOUTHERN  AND  SOUTHWESTERN  RAILWAY  CLUB 

August  19,  quarterly  meeting.  Piedmont  Hotel,  Atlanta,  Ga.      Secy.,  A.  J. 

Merrill. 
TECHNICAL  SOCIETY  OF  BALTIMORE 

June   19,  July  3,  17,   August  7,  21,  September  4,  semi-monthly  meetings, 

1120  Harford  Ave.     Secy.,  Heinrich  Tiirk,  1640  E.  Baltimore  St. 
TECHNICAL  SOCIETY  OF  BROOKLYN 

September  3,  Arion  Hall,  Arion  PL,  8.30  p.m.     Secy.,  Oswald  Gueth. 
TECHNICAL  SOCIETY  OF  CHICAGO 

June  23,  September  8,  semi-monthly  meetings,  Hotel  Bismarck,  Randolph 

St.  and  5th  Ave.     Secy.,  E.  Reutner,  729  S.  Millard  Ave. 
TECHNICAL  SOCIETY  OF  NEW  YORK 

September  2,  monthly  meeting,  29  W.  39th  St.     Secy.,  Karl  Kalbe. 
TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST 

August  6,  San  Francisco,  Cal.     Secy.,  Otto  von  Geldern,  1978  Broadway. 
TECHNICAL  SOCIETY  OF  PHILADELPHIA 

June  12,  26,  September  11,  semi-monthly  meetings;   July  3,  annual  meeting, 

532  N.  4th  St.     Secy.,  O.  Giissefeldt,  456  Richmond  St. 
TECHNICAL  SOCIETY  OF  PITTSBURGH 

June  23,  September  8,  semi-monthly  meetings,  8  p.m.,  222  Craft  Ave.      Secy.. 

H.  R.  Setz. 
TECHNICAL  SOCIETY  OF  WASHINGTON 

June  16,  July  21,  August  18,  monthly  meetings,  314  C  St.    N.  W.     Secy., 

Paul  Bausch,  3418  Brown  St.  N.  W. 
TECHNOLOGY  CLUB  OF  SYRACUSE 

June  9,  September  8,  502  Bastable  Blk.,  8  p.m.     Secy.,  Robert  L.  A  len. 
TRAIN  DESPATCHERS'  ASSOCIATION  OF  AMERICA 

June  15,  annual  Convention,  Columbus,  O.     Secy.,  J.  F.  Mackie,  La  Salle  St. 

Sta.,  Chicago,  HI. 
TRAVELING  ENGINEERS'  ASSOCIATION 

September,  annual  meeting,  Denver,  Colo.     Secy.,  W.  O.  Thompson,  Oswego, 

N.  Y. 
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WESTERN  CANADA  RAILWAY  CLUB 

September  13,  monthly  meeting,  Royal  Alexandra  Hotel,  Winnipeg,  Man. 

Secy.,  W.  H.  Rosevear. 
WESTERN  SOCIETY  OF  ENGINEERS 

June  16,  1735  Monadnock  Bldg.,  Chicago,  III.     Secy.,  J.  H.  Warder. 

MEETINGS  TO  BE  HELD    IN  ENGINEERING  SOCIETIES'  BUILDING 

Date  Society 

June  15  N.  Y.  Society  Accountants  &  Bkprs 

June  15  New  York  Telephone  Society 

June  22  N.  Y.  Society  Accountants  &  Bkprs 

July     I  Blue  Room  Engineering  Society 

Aug.  5  Blue  Room  Engineering  Society 


Secretary 

Time 

T.  L.  Woolhouse 

8.00 

T.  H.  Laurence 

8.00 

T.  L.  Woolhouse 

8.00 

W.  D.  Sprague 

8.00 

W.  D.  Sprague 

8.00 

OFFICERS  AND   COUNCIL 

PRESIDENT 
Jesse  M.  Smith  New  York 

VICE-PRESIDENTS 

L.  P.  Beeckenridge Urbana,  111. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthur  West    E.   Pittsburg,   Pa. 

Terms  expire  at  Annual  Meeting  of  1909 

Geo.  M.  Bond   .Hartford,  Conn. 

R.  C.  Carpenter Ithaca,  N.  Y. 

F.  M.  Whyte   New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 
Members  of  the  Council  for  1909 

Ambrose    Swasey    Cleveland,  O. 

John  R.  Freeman    Providence,   R.   I. 

Frederick   W.   Taylor    Philadelphia,    Pa. 

F.  R.  HuTTON New  York 

M.   L.   HoLMAN    St.  Louis,  Mo. 

MANAGERS 

G.  M.  Basford    New  York 

A.  J.  Caldwell   Newburg,  N.  Y. 

A.  L.  Riker    Bridgeport,  Conn. 

Terms  expire  at  Annual  Meeting  of  1909 

Wm.  L.  Abbott    Chicago,  111- 

Alex.  C.  Humphreys   New  York- 

Henry  G.  Stott  New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt    Pawtucket,  R.  I. 

I.  E.  Moultrop    Boston,  Mass. 

W.   J.   Sando    Milwaukee,   Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley    New  York 

HONORARY  SECRETARY 
F.  R.  Hutton    New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur   M.    Waitt    New  York 

SECRETARY 
Calvin  W.  Rice 29  W.  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Jesse  M.  Smith,  Chairman 
Alex.  C.  Humphreys 


F.    R.    HUTTON 

Fred  J.  Miller 


Frederic  M.   Whyte 


STANDING  COMMITTEES 

FINANCE 


Arthur  M.  Waiit  (1),  Chairman 
Edward  F.  Schnuck  (2) 

Waldo  H.  Marshall  (5) 


Geo.  J.  Roberts  (3) 
Robert  M.  Dixon  (4) 


HOUSE 
Henry  S.  Loud  (1)  Chairman 
Willi  .\M  Carter  Dickerman  (2) 

Edward  Van  Winkle   (p) 


Bernard  Victor  Swenson  (3) 
Fr.ajstcis  Blossom  (4) 


LIBRARY 
John  W.  Lies,  Jr.  (4),  Chairman 
H.  H.  Suplee  (1) 

Chas.  L.  Clarke  (5) 


Ambrose  Swasey  (2) 
Leonard  Waldo  (3) 


MEETINGS 
Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  de  B.  ParsoxXS  (5) 


l.  r.  pomeroy  (3) 
Charles  E.  Lucke  (4) 


MEMBERSHIP 

Henry  D.  Hibb.ard  (1),  Chairman 
Charles  R.  Richards  (2) 

HosEA  Webster  (5) 


Francis  H.  Stillman  (3) 
George  J.  Foran  (4) 


PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I.  RocKwooD  (5) 


H.  F.  J.  Porter  (3) 

H.   W.  SPANGLEit   (4) 


Jas.  Christie  (1) 
R.  C.  Carpenter  (2) 


RESEARCH 


W.  F.  M.  Goss  (5) 


R.  H.  Rice  (3) 
Chas.  B.  Dudley  (4) 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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SPECIAL  COMMITTEES 
1909 

On  a  Standard  Tonnage  Basis  for  Refrigeration 

D.  S.  Jacobus  G.  T.  Voorhees 
A.  P.  Trautwein                                                                           Philip  De  C.  Ball 

E.  F.  Miller 

On  Society  History 

John  E.  Sweet  H.  H.  Suplee 

Charles  Wallace  Hunt 

On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman  F.  R.  Hutton 

G.  M.  Basford  D.  S.  Jacobu3 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman  L.  D.  Burlingame 

Charles  Whiting  Baker  M.  L.  Holman 

Calvin  W.  Rice 

On  International  Standard  for  Pipe  Threads 

E.  M.  Herr,  Chairman  Geo.  M.  Bond 
William  J.  Baldwin                                                           Stanley  G.  Flagg,  Jr. 

On  Thurston  Memorial 
Alex.  C.  Humphreys,  Chairman  Charles  Wallace  Hunt 

R.  C.  Carpenter  J.  W.  Lieb,  Jr. 

Fred  J.   Miller 

On  Hudson-Fulton  Celebration 
Geo.  W.    Melville  M.  L.  Holman 

Jesse   M.   Smith 

On  Standards  for  Involute  Gears 
Hugo  Bilgram  Gaetano  Lanza 

C.  R.  Gabriel  Wilfred  Lewis 

E.  R.  Fellows 

On  Power  Tests 

Edward  T.  Adams                      D.  S.  Jacob  is  Edward  F.  Miller 

George  H.   Barrus                    William  Kent  Arthur  West 

L.   P.   Breckenridge                   Charles  E.   Lucke  Albert  C.  Wood 

Nominating  Committee 

Worcester  R.  Wakner,  Chairman Cleveland,  O. 

Walter  M.   McFarland    Pittsburg,  Pa. 

Morgan  Brooks    Urbana,   111. 

David  Townsend    Philadelphia,  Pa. 

Francis  W.  Dean    Boston,    Mass. 
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SOCIETY  REPRESENTATIVES 
1909 

On  John  Fritz  Medal 
Henry  R.  Towne  (1)  F.  R.  Hutton  (3) 

Amdrose  Swasey  (2)  Charles  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 

Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Joint  Library  Committee 
J.  W.  LiEB,  Jr.,  Chairman  of  the  Library  Committee  op  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 

On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 

On  Government  Advisory  Board  on  Fuels  and  Structural  Materials 

Ceo.  H.  Barrus  P.  W.  Gates 

W.  F.  M.  Goss 

On  Advisory  Board  National  Conservation  Commission 

Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Hu.mphreys  Fred  J.  Miller 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  eerve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 

1909 

CHAIRMAN 
F.   R.   Low 

SECRETARY 
Geo.   a.   Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE    ■ 
F.  H.  Stillman,  Chairman  G.  I.  Rockwood 

F.   R.   HXJTTON  H.   H.   SUPLEE 

R.  H.  Fernald 

GAS  POWER  MEMBERSHIP  COMMITTEE 

Robert  T.  Lo^ier,  Chairman  D.  B.  Rushmore 

Albert  A.  CjVry  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Cecil  P.  Poole,  Chairman  E.  S.  McClelland 

R.  T.  Kent  C.  T.  Wilkinson  C.  W.  Obert 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  ^                                        L.  N.  Ludy 

H.  R.  CoBLEiGH  L.  S.  Marks 

G.  D.  CoNLEE  T.  M.  Phetteplace 
R.  S.  de  Mitkiewicz  G.  J.  Rathbun 
H.  T.  Eddy  W.  Rautenstrauch 
L.  V.  Goebbels  a.  J.  Wood                                     S.  A.  Reeve 

GAS  POWER  INSTALLATIONS  COMMITTEE 
J.  R.  RiBBiNS.  Chairman  A.  Bement 

L.  B.  Lent 

GAS  POWER  PLANT  OPERA  TIONS  COMMITTEE 
I.  E.  Moultrop,  Cliairman      H.  J.  K.  Freyn  V.  E.  McMullen 

W.  H.  Blauvelt  N.  T.  Harrington  C.  H.  Parker 

V.  Z.  Caeackisti  J.  B.  Klumpp  J.  P.  Sparrow 

E.  P.  Coleman  G.  L.  Knight  A.  B.  Steen 

C.  J.  Davidson  •        J.  L.  Lyon  F.  W.  Walker 

W.  T.  Donnelly  D.  T.  McLeod  C.  W.  Whiting 

Paul  Winsor  T.  H.  Yawger 

GAS  POWER  STANDARDIZATION  COMMITTEE 
C.  E.  Lucke,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  BiBBiNS  H.  F.  Smith 

Louis  C.  Doelling 
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ADVERTISING      SUPPLEMENT 


SECTION 


Machine  Shop  Equipment 


Machine   Shop   Equipment       -----  Section    1 

Power  Plant   Equipment  .  -  -  -  -  Section   2 

Hoisting  and  Conveying  Machinery.     Power  Transmission      -  Section   3 

Engineering   Miscellany  ...  -  -  Section  4 


THE   WARNER  &    SWASEY    COMPANY 


NEW  YORK 


CLEVELAND 


CHICAGO 


No.  4  TURRET  SCREW  MACHINE 
The  ram  type  of  turret  is  preferable  for  many  kinds  of  work.     Turret 
screw  machines  in  eight  sizes  are  all  provided  with  this  style  of  turret. 
Complete  catalogue  sent  on  request. 


WILL  GRIND  FROM  12  TO   20  TIMES  FASTER 
THAN     ANY     OTHER     SURFACE     GRINDER 


rshQ  P.  (a  w. 

Vertical  Sur- 
face Grinder 


Cup  shaped  wheel  covers  full  width 

of  work,  ensuring  perfect  flatness  and 

rapid  production. 

Ten  automatic  vertical  feeds  from 
.0002  to  .0020  through  ratchet  wheel. 

Furnished  with  either  revolving  table 
for  discs,  rings,  collars,  etc.,  up  to 
16  inches,  or  with  magnetic  chuck. 

^^>"^  Belt  or  Motor  Drive 

PRATT      ta     WHITNEY     CO. 

HARTFORD.  CONN. 


EXTRACTS  FROM  THE  BOOK  OF  THE 


Copies  of  the  book 


Showing  simple  arrangement  of  tools  for  producing  parts  of  cone  friction 
clutches,  broad  tools  being  used  for  short  taper  surfaces.  This  also  shows 
one  method  of  accurately  chucking  for  second  operation— a  central  plug 
being  used  for  centering  the  piece. 

JONES   &   LAMSON 

Springfield,  Vt.,  U.  S.  A.;  97  Queen  Victoria  St.,  London,  England 


HARTNESS    FLAT  TURRET   LATHE 

sent  on  request 


Samples  of  work  for  which  the  machine  shown  on  opposite  page  is  adjusted. 


VIACHINE  COMPANY 

Germany,  Holland,  Belgium,  Switzerland  and  Austria-Hungary:  M.  Koyemann,  Charlottenstrasse 
12,  Diiaseldorf,  Germany.  France  and  Spain:  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11,  Rue  des 
Ivierges,  Paris,  France.     Italy:  Adler     &    Eisenschitz,    Milan. 


ERRINQTON  TAPPING  CHUCK 


41  Cortlandt  St.,  New  York 


DRILLS,  TAPS  AND  STUDS 


TAPS  STEEL  as  Safely  as  Cast  Iron 

The  Adjustable  Friction  Regulates  the  Power  of  the  [® 
Machine  to  JUST  Drive,  but  Cannot  BREAK  the  Tool  or  ^ 
Injure  the  Work  No.  oo  Taps  to  i 

No.    0 


W~~" 


No.  1 

No.  2 

No.  3 

No.  4 

No.  5 


Friction  Self-Centering  Tap-Holder  for  Turret  Lathe. 


"American  Swiss" 

Files 

Warranted  at  least  equal  to  the  best  Swiss  Files 

Samples  on  application  to 

E.  P.  REICHHELM&  CO.,  24  John  St.,  New  York 

Principal   Owners  and   Selling   Agents  of  the    American    Swiss  File'  and   Tool    Co. 

Improved  Adjustable  Jaw=Bases 


/ 
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This  new  cut,  heire  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired, 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS  AND  PRICES  UPON  INQUIRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S. A. 


To  Users  of  Taps  and  Dies 


-•—»■»>»!«»  V*»»>^>^ 


This  Trade 


Mark  Means 


REGISTERED' 


an  absolute  guarantee  of  first  QUALITY 

38  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class.    They  have  no  superiors,  and 

are  fully  guaranteed 

Taps  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 


''Star''    Lathes 

FIT  FOR  THE  FINEST  WORK 

"\'ou  do  not  realize  the 
amount  of  small  work  you 
are  doing  on  large  and 
expensive  lathes  thai 
could  be  done  to  better 
advantage  on  "STAR" 
Lathes.  Better  investi- 
gate! 9"  and  11"  swing 
with  draw-in  chuck, 
taper,  milling  and  gear- 
cutting  attachments  for 
experimental  and  labora- 
tory work,  light  manu- 
facturing and  tool  making 

Send    For    Catalog     B 

The  SENECA  FALLS  MFG.  CO. 

268  WATER  STREET,  SENECA  FALLS,  N.  Y.,  U.  S.  A. 

(J-4) 


Washburn  Sensitive  Drills 

__,We  are  prepared  to  furnish  these  Sensitive  Drills  with 
either  A.C.  or  D.C.  motors  and  any  regular  voltage,  fitted 
witli  our  new  variable  speed  device. 

PP^THE   WASHBURN   SHOPS 

of  the 

Worcester  Polytechnic  Institute 

WORCESTER,  MASS. 


Worcester  Drill  Grinders 
Washburn  Sensitive  Drills 


Washburn  Speed  Lathes 
Worcester  Drawing  Stands 


NEWARK 


GEAR  CUTTING  MACHINE  CO. 

66  UNION  ST..  NEWARK,  N.J. ,  U.  S.  A. 

AUTOMATIC   GEAR    CUTTING    MACHINES 

IGEARS  AND   GEAR  CUTTING 

HENRY  E.   EBERHARDT, 

President 

HENRY  J.   EBERHARDT.  FRANK  E.   EBERHARDT 

Secretary  Treasurer 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.   N.  Y. 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at  Rock    Falls,   III. 


The  New  Process  of 
CASE-HARDENING   BY   GAS 

marks  an  important  advance  in  the  use  of  low  Carbon  Steel 
Write  for  Descriptive  Catalogue  to 

AMERICAN  GAS  FURNACE  CO. 


24  JOHN  STREET 


NEW  YORK  CITY 


The  Standard  Tool  Cos 


REAMERS 


ALL  STYLES  AND  SIZES  FOR  EVERY  PURPOSE 

Made  of  High  Grade  Material,  Eccentrically  Milled  to  prevent  chatter,  Accurately 
Ground  to  the  Correct  Size 

CLEVELAND,  O.,  U.S.A.,  and  94  Reade  St.,  New  York 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


SINGER  BUILDING 


NEW  YORK 


Morse  Twist  Drill  and  Machine  Co. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 


MAKERS   OF 

Arbors,  Chucks,  Counterbores,  Countersinks,  Cutters,  Dies, 
Drills,  Gauges,  Machines,  Mandrels,  Mills,  Reamers,  Screw 
Plates,  Sleeves,  Sockets,  Taps,  Taper  Pins  and  Wrenches 


WE   BUILD    A   COMPLETE   LINE  OF   NEW  AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


NATIONALMACHINERYfb) 
TIFFIN.OmO.U.S.A.  \j  J 


General  Electric  Company 

CR  Variable  Speed  Motors 


Sidevievv  of  Windsor  Automatic  Turret  Lathe, 
driven  by  CR  Motors 


An  ideal  application  of  CR  variable  speed  motors. 
One  drives  the  spindle  and  is  reversible  to  allow  the 
backing  out  of  a  tap  or  running  off  of  a  die.  The 
other  motor  drives  the  feed  for  the  tools.  As  they 
operate  independently  and  have  independent  con- 
trollers operated  by  cams  on  the  operating  cam  drum, 
the  entire  range  of  spindle  speeds  from  minimum  to 
maximum  may  be  obtained  automatically  on  any  opera- 
tion should  it  be  desirable.  This  method  of  drive  is 
the  realization  of  the  ideal  in  speeds  and  feeds  and 
may  be  obtained  only  by  the  application  of  individual 
motors. 


Principal  Office,  Schenectady,  N.  Y. 
New  York  Office,  30  Church  St. 

Sales  office  in  all  large  cities 
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Power  Plant  Equipment 


Machine   Shop  Equipment      -----  Section  I 

Power  Plant   Equipment  -----  Section  2 
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CORLISS,  WIS.,  U.  S.  A. 

U.  S.  GOV'T,  NAVY  DEPT.— 1000  Mile  Comparative  Steaming  Test. 

U.  S.  S.  Birmingham  (Reciprocating  Engines)  30  tons  coal  per  hour. 
"        Chester  (Parsons  Turbines)         -         40        "  " 

"        Salem  (Curtis  Turbines)        -  -     49        "  " 

The  Turbines  took  33^7o  and  63^%  more  fuel  than  the  engines. 

The  Navy  Department  is  operating  five  Wisconsin  Engines. 


MASON 

REDUCING  \ALVES 


reduce  and  maintain  an^/even  pressure  of 
steam,  air  or  water,  regardless^of  changes 
in  the  initial  pressure.    Can  be  set  for 

any  pressure  by  turning  a  key  and  do  not 
have  toibe  locked — the  engineer  retains  the 
key.    They  are  absolutely  ^accurate 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS.,  U.S.A. 


ROTHCHILD 
ROTARY=QATE   "^ 
VALVE 


Immune  to 

the  evils  of 

Expansion 

OPENS 

AND  CLOSES 

EASILY 


Positively   Needs 

NO 


ADJUSTMENT 
REPLACING  OF  PARTS 
REPAIRS  OF  ANY  KIND 


Automatically 
Seats 

and  takes  up 

Its  own  wear 

WILL  NOT 

LEAK  OR 

STICK 


HAS  NO  EQUAL  for  BOILER  BLOW-OFF 

HYDRAULIC  and  ALL  HARD  SERVICE 

JOHN  SIMMONS  CO.,  no  centre  St.,  NEW  YORK,  N.  Y. 


WARREN   VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets 

All  valve  cages  removable 

The   most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO.. 


New  York 
50  Church  Street 


Boston 
lO    P.   O.  Square 


Accessibility  of  all  parts  is  one  feature  of  our  new 
Side  Crank  Engine  that  is  much  appreciated.  There 
are  many  others.     Bulletins?     Ask. 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PENNA. 
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Bronze    Disc  Mechanism 


Sectional  view,  witii  Leather  Disc 


Nelson    Bronze    Swing    Check    Valve 

We  invite  comparison  of  this  valve  with  any  other  check  valve 
made. 

•  The  bronze  disc  type  for  steam  service  is  composed  of  a  body, 
bonnet,  disc,  self-hinging  clapper  and  disc  nut;  in  the  leather  disc 
type  for  hydraulic  work,  the  leather  disc  and  bronze  disc  retainer 
are  added. 

The  body  is  cast  in  one  piece;  the  joints  or  plugs  necessary  in 
other  check  valve  bodies  are  conspicuously  absent  in  this  one,  in 
which  we  have  provided  a  bearing  cast  in  the  valve  body,  on  which 
the  disc  clapper  freely  swings  with  so  little  friction  as  to  make  the 
wear  inappreciable. 

The  ball-and-socket-jointed  disc  provides  free  movement,  so  that 
the  back  pressure  makes  perfect  seating. 

When  the  valve  is  open  the  flow  is  unrestricted  to  the  full 
capacity  of  the  line;  it  can  be  attached  in  any  position;  all  parts  are 
renewable  and  interchangeable. 

Made  for  working  pressures  of  125  and  300  pounds, 
each  valve  tested  to  250  and  800  pounds  respectively. 

Nelson  Valve   Company 

PHILADELPHIA 


NEW  YORK     Hudson  Terminal  Bldg. 
CHICAGO  425  S.  Dearborn  Street 

PITTSBURGH  525  Third  Avenue 

CLEVELAND       Perry-Payne  Building 


DETROIT  Penobscot  Building 

MINNEAPOLIS    622  Andrus  Building 
SAN  FRANCISCO  Atlas  Building 

BUTTE,  MONT.  56  E.  Broadway 
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ROBB-MUMFORD 
WATER   TUBE    BOILER 


Free  expansion  of  tubes 

Perfect    water    circula- 
tion 

Dry      or     superheated 

Steam 

Half  the  usual  number 
of  handholes 


Built  in  Canada  by  ROBB  ENGINEERING  CO.,  Ltd.,  Amherst,  N.  S. 

ROBB-MUMFORD  BOILER  CO. 

Works:  South  Framingham,  Mass. 

Sales  Department:  131  State  Street,  Boston,  Mass. 

New  York  Office:  90  West  Street 

Nash  Gas  Engines 

and  Producers 

are  simple,  economical  and  reliable,  and 
have  demonstrated  their  superiority  in 
service. 

Sivip/e,  because  they  are  cap- 
able of  running  at  their  rated 
load  for  ten  consecutive  hours  on 
one  charge  of  fuel. 

Economical,  because  the  fuel 
consumption  is  but  one  pound  of 
coal  per  B.H.P.  hour. 

Reliable,  because  they're  Nash. 
WE  MANUFACTURE  A  COMPLETE  LINEjOF  WATER  METERS  ^"TO  60' 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 
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Murray  Corliss  Engine 

All  parts  ground  that  should  be  ground 


MURRAY  IRON  WORKS  CO. 


Incorporated  Feb.  1,  1870 


BURLINGTON,  IOWA 


The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  50  to  6000  Horses 

Catalogs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 
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HIGH    VACUUM 
APPARATUS 

CONDENSERS 
AIR   PUMPS 
Feed  Water  HEATERS 
Water    Cooling 
TOWERS 
Boiler    Feed    and    Pres- 
sure  PUMPS 

C.H.Wheeler  Mfg.  Co. 

PHILADELPHIA 

New  York  _   Chicago 

San  Francisco 


With  the  Angle  Compound  Engine  one 
cylinder  nicely  fills  in  ihe  intervals  between 
the  impulses  of  ihe  other  cylinder,  the  result 
being  an  almost  absolutely  uniform  turning 
moment  that,  in  connection  with  the  perfect 
balance  of  reciprocating  parts,  does  not  set 
up  vibrations,  even  when  the  engine  is 
mounted  upon  an  upper  floor  of  a  building. 
The  American  Ball  Angle  Compound  En- 
gine is  worthy  the  study  of  every  man  inter- 
ested in  the  operation  of  steam  engines. 

Write  for  Bulletin  14 


AMERICAN  ENGINE  CO., 


42  Raritan  Avenue 

Bound  Brook,  N.  J. 


RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE      (CLASS  F) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  seivice       Built  in  twelve 
types,  seventy-two  different  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  on  City,  Pennsylvania 

The  Hooven,  Owens 
Rentschler  Co. 

Manufacturers  of 

Hamilton  Corliss 

Engines 
Hamilton  High  Speed 

Corliss  Engines 
Hamilton  Holzwarth 

Steam  Turbines 

Special  Heavy 

Castings 

HAMILTON,  OHIO 


14 


No  matter  what  kind  of 
power  you  are  using 
now,  it  will  pay  you  to 
know  about  Du  Bois  Gas  and 
Gasoline  Engines  (5  to  375 
H.-P.)  Catalog  "P"  explains 
and  illustrates  ivhy  they  are 
better  adapted  to  the  special 
requirements  of  power  plants 
of  all  sizes  than  any  other 
make. 

When  iiriiing  for  our  catalog,  please  tell  us  something  about  your 
pozver  requirements  and  let  us  ^'prescribe.'" 

DU  BOIS  IRON  WORKS,      816  Brady  St.,      Du  Bois,  Pa. 


St.  Louis  Iron  &  Machine  Works 

Manufacturers  of  the 

"ST.  LOUIS  CORLISS"  ENGINE 

and 

HEAVY  MACHINERY 

Chouteau  Ave.,       Main  and  2d  Sts.,       St.  Louis,  Mo. 

DETROIT  AUTOMATIC 
STOKER 

With  worm  conveyor  feed  of  coal 
produces  smokeless  combustion, 
high  furnace  temperature  and  best 
lesults  from  low  grade  fuel 

APPLIED  TO  ALL  BOILERS 

Send  for  catalogue 

DETROIT  STOKER  &  FOUNDRY  CO.,  DETROIT,  MICH. 

HEINE   vs^at^e"   boilers 

and 

SUPERHEATERS 

In    units  of  from   50   to   600    H.  P. 

Heine  Safety  Boiler  Co.,  St    Louis,    Mo. 

BRANCH    OFFICES? 
Boston        'New  York  Philadelphia  Pittsburgh  Chicago        'New  Orleans 


15 


The    Erwood    Swing   Gate   Valve 

.-£«-   _.___._  .,^  ^g  ^  SAFETY  RELIEF  ON  AIR 

LINES  OF  COMPRESSORS 

The  following  letter,  confiniis  our  claims 
for  the  safety  features  of  the  ERWOOD  Swing  Gate 
Valve  for  the  above  purpose. 

Office  of  Cliieago  Pneumatic  Tool  Company. 

Nevv'  York,  October  1st,  1907. 
Messrs.   Walch  &  Wyeth, 

87  E.  Lake  Street,  Chicago,  111. 
Gentlemen:  —  Referring  to  sample  of  your 
Erwood  Swing  Gate  Valve  sent  to  our  Franklin 
Plant  for  inspection  and  test,  as  arranged,  we  are 
pleased  to  inform  you  that  our  test  of  this  valve 
lias  demonstrated  that  it  will  admirably  answer 
the  purpose  intended,  i.  e.  automatically  reliev- 
ing the  pressure  in  air  discharge  lines  in  case 
the  valve  is  not  open  or  becomes  accidentally 
closed  while  the  compressor  is  in  operation. 

The  placing  of  your  valve  in  the  air  line 
between  compressor  and  receiver  enables  the  reten- 
tion of  the  compressed  air  stored  in  the  receiver 
and  piping  system  when  compressor  is  not  run- 
ning, with  assurance  that  no  mishap  will  occur 
should  compressor  be  started  without  opening  the 
check  valve  between  compressor  and  receiver. 
It  gives  us  great  pleasure  to  testify  to  the  merit  of  your  Valve  for  the  service 
described.  "  Very  respectfully, 

W.  P.  PRESSINGER,  Genl.  Mgr.  Compressor  Dept. 


WALCH  &  WYETH,  87  Lake  St. 


Chicago 


ON  THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  published 
on  this  subject  with  chapters  on: 

Action  of  Tool  and  its  Wear  in  Cutting   Metals 

How  Modern  High-Speed  Tools  Wear 

How  to  Make  and  Record  Experiments 

Lip  and  Clearance  Angle  of  Tools 

Forging  and  Grinding  Tools 

Pressure  of  the  Chip  upon  the  Tool 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water 

Chatter  of  Tools 

How  Long  Should  a  Tool  Run  Before  Regrinding 

Effect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

Tool  Steel  and  its  Treatment 

Theory  of  Hardening  Steel 

Quality  of  Metal  to  be  Cut 

Line  or  Curve  of  Cutting  Edge 

Slide  Rules 

Additional  Experiments  and  Investigations 

2d  Edition— without  discussion  (cloth)          -  $3.00 

3d         '•            with               "                "               -  3.50 

3d        "               "                "            (half-morocco)  4.50 

Pages  350.     Folders  24 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 


OVER  ONE  MILLION 

Genuine  "Detroit"  Sight=feed  Lubricators  in 
service  all  over  the  World 

Some  one  of  our  451    different    styles  and  sizes  of  sight-feed 
lubricators  will  fill  any  requirement  you  may  have 

THE  GENUINE  "DETROIT" 

Is    simple  and   dependable.     (Look    out   for   substitutes). 

Detroit  Lubricator  Company 

DETROIT,   U.  S.  A. 
FOR  THE  HIGHER  THAN  ORDINARY  PRESSURES 

GATE   VALVES 

With  double  disc,  taper  seats,   central  ball  bearing  de- 
vice are  the  tightest  by  reason  of  their  flexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  Y.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville,  Ky.,  Boston. 

LINDSTROiU'S  CORLISS   VALVE  STEAIM   TRAP 


For  ^ 


f  Simplicity 
Durability 
Reliability 
Economy  and 
Emergency 


None 
Better 


J 


Write^for  Booklets 

JOHN  T.  LINDSTROM 

214  South  Third  Street 

ALLENTOWN,  PA. 


Albany    Steam    Traps 

are  the  result  of  thirty-five  years  spe- 
cializing in  the  production 
of  Steam  Traps 

Owners  and  Engfineers  of  Steam  Plants  arc 

requested  to  write  us  for  data 

concerning:  the 

SPECIAL  BUCKET  RETURN  TRAP 

ALBANY  STEAM  TRAP  CO.,  Albany,  N.  Y. 

Established  1870.        JAMES  H.  BLESSING,  Pres.  THOS.  F.  PVAN.  Sec.  and  Treas. 


THE     J.     M.     DODGE     COMPANY 

NICETOWIM,      PHILADELPHIP^ 

CONTRACTING    ENGINEERS. 

The  Dodge  System"   of  Coal   Storage 

Cranes,  Bridge  Tramways,  Telphers  and  other  apparatus  for 
the  Transportation  of  material 

Concrete  and  Steel  Structures 


(( 


"THE  CONTROLLING 
ALTITUDE    VALVE" 

maintains  a  uniform  stage  of 

water  in  standpipes,  reservoirs 

or  tanks. 

"WORKS  BOTH  WAYS" 

No  overflow  in  case  of  fire  pres= 
sure.  Valves  closed  by  water 
and  electricity. 

Valves  up  to  20" 

Golden- Anderson  Valve 
Specialty  Company 


1032  Fulton  BIdg.,       Pittsburg,  Pa. 


AUTOMATIC   FLOAT  VALVES 
"SIMPLY   HAVE   NO   EQUAL" 


Angle  or 
Straight  Way 


Dixon's  Flake   Graphite 

is  without  a  substitute.  It  resists  the  great  heat  gen- 
erated in  gas  engine  cyhnders,  it  can't  be  frozen.  Acids 
or  alkaUes  do  not  affect  it.  Do  you  know  of  any  other 
lubricant  that  can  stand  such  tests? 

|Write   for  free  descriptive  bookletj 

JOSEPH  DIXON  CRUCIBLE  CO.^         Jersey  City,  N.J. 


You  can  forget  every  joint  that's  made  with  a 
Goetze  Elastic  Copper  Gasket,  because  these 
gaskets  make  a  joint  permanently  tight  against 
any  steam  pressure  or  temperature.  They  are 
guaranteed  to  do  it,  and  the  proof  that  they  do  is 
ready.     Askjor  Circular  No.|2. 

American  Goetze-Gasket  &  Packing 

Company 

530  E.  149th  St.,      New  York  City 


aVaVv^S/aUVa 
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ADVERTISING      SUP 

P  L  E 

M  E  N  T 

SECTION   3 

Hoisting  and  Conveying 

Machinery 

Power  Transmission 

Machine   Shop  Equipment       -               -               -               . 

Section    1 

Power   Plant   Equipment          .... 

- 

Section  2 

Hoisting   and  Conveying    Machinery.     Power  Transmission 

Section   3 

Engineering   Miscellany            .... 

Section   4 

WILL  PAY  FOR  ITSELF 
IN  THREE  MONTHS  = 

^  An  E.  C.  5c  M.  Magnet  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

Tl  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

-.si. 

^^^-    ■^'*^'*  Our  magnets  are   dependable — they  will   lift 

more  and  wear  longer  than  any  competitive 
magnet.      Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


The  Gears 

of  the  Triplex  Block 

'HP HE  entire  set  of   gears  in  a  Yale  & 
-^     Towne  Triplex  Block  revolves  in  a 
large  internally-toothed  wheel,  giving  what 
is  known  as  a  planetary  movement. 

By  this  movement  inertia  is  overcome  gradually  both 
in  lifting  and  lowering.     This  avoids  sudden  strains  and 

Dustproof  Steel  Gear     .  i      •  i  i        ■  ^-  •  j  j 

Cover  Removed.      jars  on  chain  and  mechanism,  preventing  accidents  and 
prolonging  the  life  of  the  block  in  every  part. 

The  planetary  movement  obtains  speed  and  power  in  hoisting  with- 
out the  use  of  the  extremely  small  gears  necessary  in  blocks  of  other 
designs,  giving  perfect  contact  of  gear  teeth  without  undue  friction. 

The  Triplex  Block  is  made  in  14  sizes,  with  a  lifting  capacity  of 
from  i  to  20  tons.  Other  types  are  the  Duplex:  10  sizes,  ^  to  10 
tons.  The  Differential:  7  sizes,  ^  to  3  tons.  The  Electric 
Hoist:  10  sizes,  \  to  16  tons.  Y.  &  T.  Blocks  are  carried  in 
stock  by  Hardware,  Machinery  and  Mill  Supply  Dealers. 
Catalog  ojtth  interesting  technical  information  on  request. 

The  Yale  &  Towne  Mfg.   Co.,  9  Murray  St.,  New  York 

DA  ?>  
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Elevating,  Conveying  and  Power 
Transmitting   Machinery. 


■SfpS'^ 


LINK  CHAIN  BELT  CO. 

52  Dey  St  ,  New  York     Write  for  Catalogue  20  E 


ELECTRIC  TRAVELERS 
All  Types  for  Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered    to   purchasers   ready  to  run. 

Whiting  Foundry  EqiipmentCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,   ILL.  (Chicago,  suburb) 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 


THE  ALLIANCE  MACHINE  CO. 


Alliance,  Ohio 


Pittsburg  Offioe,  Frick  Building. 


Birminebam  Office,  Woodward  Building: 


Cleveland   Cranes 


Embody  every  modern  im- 
provement and  can  be  depended 
upon  to  furnish  constant  reliable 
rvice  at  all  times. 

The  Cleveland  Crane  ^-CawXo^ 

— i  Wickliffe.Ohio.  »-      EMSiwentMCa 

Oar  catalogue  is  an  in'baluable  reference  book.     Do  you  ivant  one? 
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Jeffrey 

Conveyers 

and 

Elevators 

are  the  most  satisfactory  and  eco- 
nomical means  of  handling  Bulk 
or  Package  Materials  of  any  kind. 

Send  for  Catalog  K-67. 


We   Build 

Coal  and  Ashes  Handling  Systems 
for  Power  Plants, 

Screens,  Crushers.  Pulverizers,  Car  Hauls,  Coal  Tipples,  Coal  Washeries, 
Locomotives,  Coal  Cutters,  Drills,  etc.    Complete  Coal  Mine  Equipments 

The  Jeffrey  Mfg.  Company 

COLUMBUS,  OHIO 

New  York  Chicago  Boston  Buffalo  St.  Louis  Pittsburg 

Denver  Knoxville  Charleston  W.  Va.  Montreal,  Can. 


FLINT-RIM 


Sprocket  Wheels  for 
Durability 

Made  to  fit  the  "Ewart"  and 
other  chains  of  our  manufac- 
ture. 

Cost  but  little  more  than 
ordinary  wheels. 

Prompt  shipment  follows 
every  order. 

Write  for   Pamphlet 


LINK -BELT   COMPANY 


PHILADELPHIA 

NEW  YORK,  299  Broadway 

ST.  LOUIS,  Missouri  Trust  Building 

DENVER,  Lindrooth.  Shubart  &  Co. 


CHICAGO 


INDIANAPOLIS 


PITTSBURGH.  1601-2  Park  Building 
SEATTLE,  439-440  New  York  Block 
NEW  ORLEANS.  Wilmot  Machinery  Co 
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"Cyclone"High  Speed  Chain  Hoist 


WITH  SELF=LUBRICATINQ 

BEARINGS— ALL  CUT 

GEARS 

Patent  Gyrating  Drive  through  Roller  Bear- 
ing Eccentrics  gives  Maximum  Efficiency 
and  Durability.  Design  entirely  different 
trom  all  others.  Few  wearing  parts.  Does 
not  get  out  of  order.  ^ 

The  Bearings  of  the  Hoist  have 
GRAPHITE  BRONZE  BUSHINGS. 
They  are  self  =  lubricating,  they 
require  no  oil,  and  will  run  indefi= 
nitely  without  cutting. 

These  hoists  will  raise  a  load  of  two  tons 
to  a  height  of  one  foot  with  a  pull  of  125 
pounds  while  overhauling  only  39 J  feet  of 
hand  chain. 

There  is  the  least  possible  friction  loss, 
the  efficiency  averaging  nearly  80  per 
cent.  It  can  therefore  be  geared  to  a  higher 
speed  than  any  other  hoist  with  no  greater 
hand  wheel  pull. 

When  there  is  no  load  the  hand  wheel  may 
be  spun  in  either  direction. 

When  the  hand  chain  is  released  the  Auto- 
matic Brake  immediately  locks  the  block 
so  that  the  load  is  safely  held  at  any  point. 
It  may  be  readily  lowered,  however,  by  a 
reverse  pull  on  the  hand  chain. 

Send  for  Catalog 

Illustrating  Full  Line  of 

Hoists  and  Trolleys 


THE  CHISHOLM  &  MOORE  MFG.  CO. 

CLEVELAND,  OHIO 
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The  Clutch  That 
"Makes  Good" 


A   CEMENT  mill  in  Ohio   that   two   years   ago   had   no   end  of 
trouble  with  friction  clutches,  ordered  a  Dodge  Split  Clutch  to 
replace  one  of  them.     It    "made  good"    and   six  more  Dodge 
Clutches  replaced  the  troublesome  ones. 

One  of  the  largest  mining  and  smelting  interests  of  this  country, 
after  comparative  tests  and  trials  of  clutches  of  many  makes,  adopted 
the  Dodge  Split  Clutch  as  the  standard  for  all  its  plants,  reduction 
works,  smelters,  sawmills,  etc.  That  was  several  years  ago.  Hun- 
dreds of  Dodge  Clutches  are  now  in  operation  in  these  plants. 

The  largest  producer  of  fire-clay  products  in  the  United  States 
with  plants  in  four  states  insists  on  Dodge  Split  Clutches  with  all 
equipments  of  clay  working  machinery,  no  matter  by  whom  fur- 
nished. Names  of  these  concerns  given  on  request  to  interested  power 
users.  The  proof  of  the  clutch  is  in  the  working;  that  is  why  more 
Dodge  Split  Clutches  are  made  and  sold  each  year  than  any  other. 
Ask  for  Bulletin  J-116. 

Dodge  Manufacturing  Co.,  Station  F-45  Mishawaka,  Ind. 
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The  Engineering  Societies'  Library 

The  American  Institute  of  Mining  Engineers. 
The  American  Society  of  Mechanical  Engineers. 
The  American  Institute  of  Electrical  Engineers. 


A  collection  of  more  than  50,000  technical  and  scientific  books 
and  450  technical  periodicals  are  available  for  the  use  of  members 
and  the  public. 

The  following  volumes  are  needed  to  complete  sets.  The  Library 
will  be  glad  to  receive  them  by  gift,  exchange  or  purchase : 

Aeronautical  Journal.    Vol.  1-11.    To  1907. 
Aeronautics  American  Magazine.    Vol.  1.     July,  1907. 
Allgemeine  Automobile  Zeitung.    Vol.  1-9.    To  1909. 
American  Ceramic  Society.     Vol.  1,  2.     (Meetings  1  and  2,  1899, 

1900.) 
American  Engineer,  Chicago.     Vol.  1.     ISSO. 
American  Journal  OF  Railway  Appliances.    Vol.  8-10.     1888- 

1890.     Vol.  12  —  date.     1892-1909. 
American  Machinist.     Vol.  1,  2.     1878,  1879. 
American  Miller.    Vol.  1-13.     1873-1885. 
American  Society  Naval  Engrs.  Journal.    Vol.  1.     1889. 
American  Water   Works  Association.     Proceedings.    Vol.    1. 

1881.     Vol.  2.    1882.     Vol.  5.    1885.   Vol.  9.    1889.     Vol.  10. 

1890. 
Archiv  fur  Eisenbahnwesen.     To  Jan.  1908. 
Association  Railway  Superintendents  of  Bridges  and  Build- 
ings.    Proceedings.     Vol.  1-14.     1892-1905.     Vol.  17.     1907. 
Association  Technique  Maritime.     Vol.  1-9.     1890-1898.     Vol. 

11— date.     1900— date. 
Autocar.     To  Vol.  22.     Jan.  1909. 
AuTOMOTOR  Journal.     Vol.  1.  189G-97. 
Boiler  Maker.     Vol.  1-17.     To  1908. 

British  Refrigeration.    Vol.  1-3.    1898-1900.    Vol.  5— date. 
Brooklyn  Engineer  Club.     Vol.  2.    1898.     Vol.  4.  1900.     Vol. 

6-9.     1902-1905. 
Bulletin  Technique  de  la  Swisse  Romande.     To  1908. 
Canadian  Engineer.     Vol.  1-7.     1893-1899. 
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Canadian  Manufacturer.     Vol.  1-53.     To  1905. 

Cold  Storage,  London.     Vol.  1-8.     1898-1905. 

Cement  Age,  New  York.     Vol.  1-3.     To  Jan.  1907. 

Cold  Storage  and  Ice  Association.     Proceedings.     Vol.  1-5. 

1900-1904.     Vol.  8.     1907. 
Cold  Storage  and  Ice  Trade  Journal.     Vol.   1-6.     To  1903. 

Vol.  12.     July-Dec,  1904. 
Construction  Moderne.     Paris.     To  1893.     1897 — date. 
D]E  Deutsche  Zucker  Industrie.     Vol.  1-33.     To  Jan.,  1908. 
Feilden's  Magazine.     Vol.  1.     1899.     (Title  changed  to  Engi- 
neering Review.) 
Fire  and  Water.     To  1886. 
Gas  Engine,  Cincinnati.     Vol.  1-2.     1899-1900. 
Gas  Engineers'  Magazine.     Vol.  1-17.     1885-1901. 
Die  Gas  Motorentechnik.    Vol.  1-5,  6.    No.  1-9.    To  Jan.,  1908. 
Le  Genie  Civil.     Vol.  1-23.     1880-1892. 
Glasers  Annalen  fur  Gewerbe  und  Bauwesen.      Vol.  1-7. 

1865-1889. 
GuMMiE  Zeitung.     Vol.  1-22.     To  Jan.  19,  1909. 
Heating  and  Ventilating  Engineering   Review.      Vol.  1-4. 

1891-1894. 
Heating  and  Ventilating  Magazine.    Vol.  1-2.     1904-1905. 
Horseless  Age.     Vol.  3.     1895. 
Illustriete  Aeronautische  Mitteilungen.     Vol.  1-12.    No.  17. 

To  Sept.  9.  1908. 
Industries.     Vol.  15-17.     July,  1893-Dec.,  1894. 
Institute  of  Marine  Engineers.    To  Vol.  20.     Aug.,  1908. 
Institute  Civil  Engineers  of  Ireland.     Vol.  1-12,  18,  20,  21. 

To  1882,  1888,  1890,  1893. 
Institute  of  Engineers  and  Shipbuilders  of  Scotland.     Vol. 

1-27.     1857-1883. 
International  Railroad  Congress.     Brussels. 

Proceedings  of  1st  Congress,  Brussels,  1885. 

Proceedings  ot  2d  Congress,  Milan,  1887. 

Proceedings  of  3d  Congress,  Paris,  1889. 

Proceedings  of  4th  Congress,  St.  Petersburg,  1892. 

Proceedings  of  Gth  Congress,  1900 — date. 

Address  Calvin  W.  Rice,  Secretaty 
The  American  Society  of  Mechanical  Engineers 

29  West  39th  St.,  New  York 
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CHAIN  DRIVES  SAVE  THE 


POWER  WASTED  BY  GEARS 

Any  fair  test  between  a 
chain  and  a  gear  drive  for 
doing  the  same  work  is  bound 
to  prove  that  the  rolling  of  a 
chain  into  a  mesh  with  its 
sprockets  absorbs  less  power 
than  the  grinding  action  of 
spur  gear  wheels.  The  dif- 
ference in  favor  of  the  chain 
is    even    greater  with    bevel 

gears,  for  the  latter  require  more  bearings  and  waste  still  more  power  in  the  end  thrust. 

This,  however,  is  only  one  point  in  favor  of  Diamond    Chain    drives.     With  our   new 

detachable  link  a  chain  can  be  repaired  in  a  few  minutes  and  for  a  few  cents.     When  gears 

go  wrong  there  is  always  a  delay  and  a  big  repair  bill. 
Write  for  book  on  "Chain  Transmission  of  Power." 

DIAMOND  CHAIN  (Si  MFG.  CO. 

259   MTest  Georgia  St.,  Indianapolis,  Ind. 

Capacity  8,000,000  ft.  per  year. 


THE 

STANDARD 

WIRE 

ROPE 
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ADVERTISING      SUPPLEMENT 


SECTION  4 


Engineering   Miscellany 


Machine   Shop  Equipment       -----  Section    1 

Power  Plant   Equipment  .  .  -  -  -  Section  2 

Hoisting  and  Conveying   Machinery.     Power  Transmission      -  Section  3 

Engineering   Miscellany  -----  Section  4 


Facing  pistons  with  Allan  Metal  prevents  scoring  of 
cylinder,  reduces  friction,  wear  and  maintenance  cost. 
A.  ALLAN  &  SON,   490  Greenwich  St.,  N.tjY. 


Write  for  our 
Booklet 

The  Heart  of  the 

Engine 

The  Seat  of 

Power 


DRY  AIR  vs.   MOIST  AIR 

Ventilation 

It  is  not  a  question  of  whether  or  not  the  textile  mill  is  to  be  ventilated,  but 
HOW  it  will  be  ventilated. 

Practically  all  mills  during  hot  weather  open  the  windows  to  procure  natural 

ventilation  to  assist  in   cooling  their  mills.      This  air  is   dry  and   at   the 

outside  temperature. 

WITH  THE    CARRIER   SYSTEM    all  the  air  for  ventilation   enters   the 

building  through  the  humidifier.     This  air  is  moistened  to  saturation  and  on 

verv  hot  days  leaves  the  humidifier  from  14°  to   18"  BELOW  the  outside 

temperature. 

Which  does  the  most  cooling? 
Which  does  the  most  humidifying? 

DRY  AIR  VENTILATION  through  the  windows  brings  in  dirt  and  dust, 
creates  draughts  that  break  the  yarns  and  the  quantity,  being  dependent 
upon  the  atmospheric  conditions,  is  not  easily  controlled. 
MOIST  AIR  VENTILATION  by  the  Carrier  System  thoroughly  cleanses 
the  air,  produces  no  draughts  and  the  quantity  is  controlled  at  the  will  of 
the  operator. 

CARRIER  AIR  CONDITIONINGCO. 

OF  AMERICA  *l 

39  Cortlandt  St.,  New  York  ^ 

(143-C) 
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Superheated  Steam 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 
from  1890  to  1908 

The  Society  has  a  limited  number  of  copies  of  papers  on  Super- 
heated Steam  which  have  been  presented  before  it.  Orders  will  be 
filled  until  the  supply  is  exhausted. 

^  Price  to       Non- 

'^^'  Members  Members 

359     Tables  of  the  Properties  of  Steam,  V.  Dwelshauvers- 

Dery $.15  $.30 

689     Superheated  Steam,  Facts,  Data  and  Principles, 

R.  H.  Thurston 25     50 

853     Pumping  Engine  Test  with  Superheated   Steam, 

E.  H.  Foster 5     10 

905  The  Practical  Application  of  Superlieated  Steam, 
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MONTHLY  meetings  of  the  Society  are  to  be  held  in  New  York 
on  the  evenings  of  October  12  and  November  9.  The  An- 
nual New  York  Meeting  will  be  held  December  7-10.  The 
importance  and  interesting  character  of  papers  on  hand  and  in  prep- 
aration assure  professional  sessions  for  these  meetings  of  the  greatest 
possible  value  to  the  membership  and  indicate  an  even  larger  attend- 
ance than  in  preceding  years.  As  announced  elsewhere  in  this  num- 
ber in  the  reports  of  the  meetings  of  the  Society  held  early  in  the 
summer  in  Boston  and  St.  Louis,  arrangements  are  well  advanced 
for  meetings  in  these  cities  throughout  the  fall  and  winter.  The  sub- 
jects for  several  of  the  Boston  meetings  have  already  been  tenta- 
tively announced  in  the  report  referred  to  and  papers  are  promised 
which  should  add  materially  to  the  value  of  the  publications  of  the 
Society. 

HUDSON-FULTON  CELEBRATION 

In  connection  with  the  Hudson-Fulton  Celebration  in  September 
and  October,  in  New  York,  and  as  a  contribution  on  the  part  of  the 
engineering  profession,  there  will  be  placed  in  the  rooms  of  The 
American  Society  of  Mechanical  Engineers,  on  the  eleventh  floor  of 
the  Engineering  Building,  a  valuable  exhibit  of  objects  of  interest 
relating  to  the  early  history  of  steam  navigation.  This  exhibit  is 
being  prepared  by  a  sub-committee  of  the  House  Committee  of  the 
Society,  in  accordance  with  action  of  the  Executive  Committee 
of  the  Council,  taken  in  response  to  an  invitation  received  January 
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7,  from  the  Historical  Exhibit  Committee  of  the  Hudson-Fulton  Cele 
bration  Commission. 

A  room  of  the  Society  will  be  set  apart  early  in  September  foi-  the 
exhibit.  It  will  be  open  to  the  public  every  week-day  from  nine  to 
five. 

The  exhibit  will  include  the  following  material  belonging  to  the 
Society:  oil  portrait  of  Robert  Fulton  by  himself;  original  drawing  of 
the  Clermont  by  Robert  Fulton  and  signed  by  him  March  1,  1813;  solid 
mahogany  table  formerly  belonging  to  Robert  Fulton;  autograph 
brush  drawing  by  Robert  Fulton,  1797,  illustrating  an  aqueduct  for 
a  high  level  canal;  reproduction  in  bronze  of  the  Fulton  drawing  of 
the  Steamer  Potomac,  1820,  prepared  by  the  Society;  letters  of  Ful- 
ton's workmen  concerning  the  first  steamboat;  photograph  of  West 
portrait  of  Fulton;  portraits  of  naval  and  marine  engineers,  as  Has- 
well,  Loring,  Thurston,  Melville,  See,  Worthington,  Ericsson, 
Watt,  Holley,  Stillman,  etc. 

The  Society  has  secured  for  the  exhibit  from  the  United  Engineering 
Society,  the  Ericsson  models;  and  from  the  Smithsonian  Institution, 
the  models  of  Fulton's  Clermont,  John  Fitch's  steamboat,  and  John 
Stevens'  Phoenix. 

Any  members  having  models  or  relics  of  interest  in  connection  with 
the  celebration  are  requested  to  communicate  with  E.  Van  Winkle, 
Chairman  of  the  sub-committee,  90  West  St.,  New  York. 

The  special  committee  on  Hudson-Fulton  Celebration  is  as  follows: 
Rear-Admiral  George  W.  Melville,  Ret.,  Past-President,  Am.Soc.M.E. ; 
M.  L.  Holman,  Past-President,  Am.Soc.M.E.;  Jesse  M.  Smith,  Presi- 
dent,  Am.Soc.M.E. 

MEETING  OF  THE  COUNCIL 

At  the  meeting  of  the  council  June  2,  1909,  there  were  present: 
Jesse  M.  Smith,  President,  presiding,  and  Messrs.  Bond,  Carpenter, 
Miller,  Riker,  Swasey,  Stott,  Oberlin  Smith,  Whyte,  A.  M.  Waitt 
and  the  Secretary.  Letters  of  regret  were  received  from  Messrs. 
Humphreys  and  Moultrop. 

Announcement  was  made  of  the  deaths  of  A.  J.  Caldwell,  Manager, 
A.  W.  K.  Peirce,  and  Alex.  Miller.  The  resignation  of  Charles  W. 
Kettell  was  accepted. 

Voted:  To  approve  the  following  appointments  by  the  President 
of  Honorary  Vice-Presidents:  Jesse  M.  Smith  to  represent  the  Society 
at  the  Commencement  exercises  of  Columbia  University;  Calvin   W. 
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Rice  and  Worcester  R.  Warner  to  represent  the  Society  at  the  Inaugu- 
ration of  Richard  Cockburn  MacLaurin  as  President  of  Massachu- 
setts Institute  of  Technology. 

Voted:  To  authorize  the  Finance  Committee,  at  its  discretion  to 
appropriate  $300  for  the  work  of  the  Committee  on  Power  lests. 

Voted:  To  refer  to  tlie  Committee  on  History  the  communications 
received  from  John  E.  Sweet  and  Ambrose  Swasej''  with  respect  to 
organization  members  of  the  Society. 

Voted:  That  a  committee  of  three  be  appointed  by  the  President 
to  consider  the  communications  from  tlie  Association  of  Steel  Manu- 
facturers, under  dates  of  January  13  and  February  2,  and  report  to 
the  Council. 

Voted:  To  approve  the  recommendation  of  the  Executive  Com- 
mittee with  respect  to  the  appointment  of  Dr.  Charles  B.  Dudley, 
as  Honorary  Vice-President,  to  represent  the  Society  at  the  Congress 
of  the  International  Association  for  Testing  Materials,  to  be  held 
in  Copenhagen,  Sweden,  September  7  to  11,  1909. 

Voted:  To  approve  the  action  of  the  Meetings  Committee,  declining 
the  petition  for  a  National  Conference  on  the  subject  of  Smoke 
Abatement. 

Voted:  That  the  Council  suggest  to  the  Meetings  Committee  that 
it  may  arrange  for  a  monthly  meeting  in  the  near  future  on  the 
subject  of  Smoke  Abatement  on  strictly  engineering  lines. 

Voted:  That  the  Executive  Committee  be  given  entire  charge  of 
the  arrangements  for  a  joint  meeting  of  the  Society  with  the  Institu- 
tion of  Mechanical  Engineers  in  England,  during  1910,  at  such  time 
and  place  as  may  be  selected  by  the  Institution. 

Amendments:  Upon  the  recommendation  of  the  Committee  on  Con- 
stitution and  By-Laws,  the  following  amendments  were  adopted: 

B  17  A  ballot  which  contains  more  unerased  names  than  there  are  officers 
to  be  elected  is  thereby  defective  and  shall  be  rejected  by  the  tellers. 

R  30  The  American  Society  of  Mechanical  Engineers  will  furnish  monthly 
issues  of  The  Journal  to  all  members  of  affiliated  organizations  who  are  not  mem- 
bers of  The  American  Society  of  Mecanical  Engineers  upon  the  payment  by  each 
of  two  dollars  per  year.  The  American  Society  of  Mechanical  Engineers  will  also 
furnish  to  the  secretary  of  each  affiliated  body,  a  certain  number  of  extra  copies 
of  advance  papers  for  use  at  its  meetings,  the  number  furnished  to  be  agreed  upon 
in  each  case. 

R  4  Each  paper  which  has  been  rccepted  by  the  Committee  on  Meetings  for 
presentation  at  any  meeting  of  the  Society  shall  be  published  in  The  Journal 
at  least  seven  days  in  advance  of  that  meeting  and  in  the  form  in  which  has  been 
accepted  by  that  committee,  and  that  paper  shall  also  be  distributed  in  j)amphlet 
form  at  that  meeting.     A  paper  received  too  late  for  such  distribution  shall  only 
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be  accepted  for  presentation  at  that  meeting  by  unanimous  consent  of  the  Com- 
mittee on  Meetings.  A  member  may  by  letter  signify  his  intention  to  discuss 
any  of  the  papers  and  unless  otherwise  directed  by  the  presiding  officer  priority 
in  debate  shall  be  given  in  the  order  of  the  receipt  by  the  Secretary  of  such  notifi- 
cation. 

Voted:  To  add  to  the  Rules  the  following  and  refer  back  to  the 
committee  for  consideration  under  C  47: 

R  2  The  Council  shall,  previous  to  January  first  of  each  year,  elect  a  Trustee 
to  serve  for  three  years  on  the  Board  of  Trustees  of  United  Engineering  Society. 

Voted:  To  rescind  the  action  of  the  Council  of  January  31,  1905 
authorizing  rules  for  the  organization  and  conduct  of  geographical 
sections,  given  in  Transactions  of  the  Society,  Vol.  27,  pages  39 
and  40. 

It  was  further  voted  to  approve  the  recommendations  of  the  Com- 
mittee regarding  C  10  and  C  11. 

On  motion  the  meeting  adjourned. 

SECTIONS  AND  BKANCHES 

WORK   OF   THE    GAS-POWER   SECTION 

During  the  summer  the  work  of  the  Gas-Power  Section  has  been 
actively  carried  on.  The  Installations  Committee  has  collected  data 
for  presentation  at  one  of  the  meetings  of  the  section.  The  Plant 
Operations  Committee  has  several  installations  under  observation 
from  which  information  is  being  obtained. 

The  Membership  Committee  reports  that  the  membership  of  the 
section  is  above  330  and  many  of  the  applicants  for  membership  in  the 
section  have  also  applied  for  membership  in  the  Society. 

The  work  in  the  smaller  cities  throughout  the  United  States  is 
thoroughly  organized  and  the  results  of  these  efforts  are  becoming 
apparent.  The  committee  is  gratified  at  the  many  requests  received 
for  information.  The  Literature  Committee  has  reviews  and  indexes 
of  articles  and  publications  in  preparation,  which  will  soon  be  avail- 
able to  those  seeking  information. 

At  the  meeting  of  the  Gas  Power  Executive  Committee  early  in 
July,  in  accordance  with  a  request  from  several  colleges,  an  Advisory 
Research  Committee  was  appointed  to  assist  the  Executive  Committee 
in  preparing  a  plan  of  work  which  should  avoid  as  far  as  possible 
unnecessary  duplications  and  produce  the  best  results  in  the  solution 
of  the  various  problems  now  open.  This  committee  includes  the 
following:  R.  H.  Fernald,  C.  P.  Breckenridge,  R.  C.  Carpenter,  W.  T. 
Magruder,  W.  D.  Ennis,  C.  E.  Lucke,  L.  S.  Marks,  H.  N.  Davis,  D. 
L.  Gallup,  W.  H.  Kavanaugh. 
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A  list  of  important  problems,  the  solution  of  which  is  greatly 
needed,  is  being  prepared  and  it  is  expected  that  the  results  obtained 
by  the  help  of  this  list  will  be  of  great  value.  The  Meetings  Com- 
mittee has  been  promised  four  valuable  papers  for  the  coming  season 
and  several  others  are  in  prospect  for  later  delivery. 

ACTIVITIES      OF     THE      BROOKLYN      POLYTECHNIC     STUDENT     SECTION 

The  Student  Section  of  the  Society  at  the  Brooklyn  Polytechnic 
Institute  held  a  meeting  on  May  1,  which  was  addressed  by  Prof.  Wm. 
D.  Ennis,  Mem.Am.Soc.M.E.,  professor  of  mechanical  engineering 
of  the  Institute.  The  subject  of  his  address  was  The  Manufacture  of 
Vegetable  Oils.  At  the  meeting  of  June  5,  James  A.  Nelson  delivered 
an  illustrated  lecture  on  Hydraulic  Machinery.  The  program  com- 
mittee reported  that  meetings  of  similar  value  are  outlined  for  the 
coming  year. 

LECTURES    BEFORE    THE    STEVENS    ENGINEERING    SOCIETY 

The  Stevens  Engineering  Society,  affiliated  with  The  American 
Society  of  Mechanical  Engineers,  has  arranged  for  a  number  of 
lectures  during  the  coming  college  year  at  Stevens  Institute  of 
Technology.  As  will  be  seen  from  the  following  list,  the  speakers 
are  men  high  in  their  profession  and  the  topics  cover  a  wide  range: 
F.  A.  Waldron,  Mem.Am.Soc.M.E.,  "The  Commercial  Value  of  a 
Specialist;"  Fred.  W.  Taylor,  Mem.Am.Soc.M.E.,  "Success;"  Prof. 
F.  R.  Hutton,  Hon.  Secy.,  Am.Soc.M.E.,  "The  Problems  of  the  Large 
Gas  Engines;"  Prof.  H.  C.  Sadler,  on  some  branch  of  naval  architec- 
ture; Prof.  D.  C.Jackson,  Mem.Am.Soc.M.E.,  "Engineering  Educa- 
tion;" Chas.  W.  Baker,  Mem.Am.Soc.M.E.,  "The  Panama  Canal;" 
H.  G.  Stott,  Mem.Am.Soc.M.E.,  subject  to  be  announced;  Rear 
Admiral  Melville,  Mem.Am.Soc.M.E.,  "  The  Essentials  of  Naval  Effi- 
ciency in  an  Age  of  Engineering;"  C.  de  Zafra,  "  Explosives;"  Hudson 
Maxim,  "The  Warfare  of  the  Future;"  T.  C.  Martin,  subject  to  be  an- 
nounced; Samuel  Whinery,  Mem.Am.Soc.M.E.,  "Street  Pavements  and 
Road  Construction;"  H.  L.  Gantt,  Mem.Am.Soc.M.E.,  "Industrial 
Management;"  Professors  G.  V.  Wendell  and  L.  A.  Martin,  "The 
Gyroscope;"  Frank  B.  Gilbreth,  Mem.Am.Soc.M.E.,  "Methods  and 
System  in  Relation  to  Handling  Concrete  Work;"  Prof.  J.  C.  Ostrup, 
"Notable  Examples  in  Modern  Construction;"  Naval  Constructor 
D.  W.  Taylor,  "The  Development  of  the  New  Navy;"  Prof.  C.  F. 
Kroeh,  subject  to  be  announced;  J.  A.  Brashear,  Hon.Mem.Am.Soc. 
M.E.,  "The  Contributions  of  Photography  to  Our  Knowledge  of  the 
Stellar  Universe." 


MEETINGS  IN  BOSTON  AND  ST.  LOUIS 

MEETING  OF  THE  SOCIETY  AT  ST.  LOUIS 

A  meeting  was  held  at  the  Missouri  Athletic  Club^  St.  Louis,  Mo., 
on  May  15  to  discuss  the  question  of  holding  meetings  of  the  Society. 
William  H.  Bryan,  member  of  the  Meetings  Committee,  presided, 
Prof.  E.  L.  Ohle  acting  as  secretary. 

The  report  of  the  committee  on  organization  was  first  presented,  the 
committee  recommending  that  the  Society  cooperate  with  the  Engi- 
neers' Club  of  St.  Louis  in  the  matter  of  meetings  and  publications. 

In  opening  the  discussion,  M.  L.  Holman,  Past  President  Am. 
Soc.M.E.,  said  that  the  question  of  enlarging  the  sphere  of  useful- 
ness of  national  engineering  societies  without  interfering  with  local 
organizations,  many  of  which  antedate  the  national  organizations,  is 
one  which  has  been  given  much  thought  by  the  engineers  of  the 
country.  The  St.  Louis  Engineers'  Club  is  an  earlier  organization 
than  The  American  Society  of  Mechanical  Engineers.  It  has  taken 
some  years  to  bring  it  up  to  its  present  standing;  it  has  a  good  record 
and  a  strong  organization.  The  engineers  of  St.  Louis  could  not 
afford  to  take  any  steps  that  would  interfere  in  any  way  with  the 
usefulness  of  the  club  or  in  any  way  impede  its  growth  and 
importance. 

The  movement  under  consideration,  however,  was  not  to  antagonize 
local  engineering  clubs,  but  was  intended  to  help  them  in  every  way 
practicable.  The  movement  was  for  the  purpose  of  bringing  more 
engineers  into  the  societies,  both  local  and  national,  and  any  work  that 
could  be  done  to  accomplish  this  result  would  be  for  the  benefit  of  both 
the  local  and  the  national  organization.  The  meml^ers  of  the  Society 
had  started  the  movement  in  Boston  and  were  working  in  sympathy 
with  the  Boston  Society  of  Civil  Engineers.  He  could  only  express 
his  approval  of  the  work  done  in  St.  Louis  in  harmony  with  the  Engi- 
neers' Club  of  that  city.  In  conclusion,  Mr.  Holman  moved  the 
adoption  of  the  report. 

R.  H.  Tait  expressed  himself  as  heartily  in  accord  with  the  monthly 
meetings  in  St.  Louis.     Wm.  H.  Bixby  felt  that  the  Society  as  a 
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national  society  sliould  have  local  meetings  in  different  cities,  but  the 
difficulty  would  be  to  make  these  national  in  character,  with  the 
papers  fully  and  freely  discussed. 

In  answer  to  a  question  by  Prof.  H.  Wade  Hibbard  as  to  the  atti- 
tude of  the  members  of  the  Engineei-s'  Club  toward  the  cooperative 
movement,  Wm.  H..  Byran  said  that  four  ex-presidents  of  the  club 
had  obtained  the  views  of  club  membei's  and  as  far  as  could  be  learned 
they  were  in  favor  of  the  movement.  He  could  imagine  no  grounds 
for  objection.  All  responsibility  and,  at  present,  all  expenses  were 
assumed  by  the  Society.  The  Society  proposed  to  join  in  the  respon- 
sibility of  maintaining  the  mechanical  engineering  division  of  the 
club's  work,  which,  to  the  speaker,  seemed  a^  proposition  that  the 
club  would  readily  accept.  Mr.  Bryan  said  further  that  the  plan  for 
organization  would  be  submitted  to  the  New  York  office  of  the  Society 
for  approval  and,  granting  favorable  action,  would  then  be  submitted 
to  the  Engineers'  Club. 

With  regard  to  the  question  of  a  meeting  night  Mr.  Bryan  thought 
it  might  be  the  night  following  the  meeting  of  the  St.  Louis  Railway 
Club,  held  on  the  second  Friday  of  each  month.  If  a  local  meeting  of 
the  Society  were  held  on  the  Saturday  evening  following,  a  number  of 
mechanical  engineers  and  master  mechanics  would  stay  over  Friday 
and  attend  the  meeting.  It  was  not  proposed  to  take  one  of  the  two 
regular  meeting  nights  of  the  Engineers'  Club,  though  this  might 
be  done  occasionally. 

There  was  no  question,  said  Thomas  Appleton,that  the  holding  of 
local  meetings  would  be  to  the  advantage  of  each  local  member  as  well 
as  to  the  national  Society.  The  movement  had  been  started  in  the 
right  way. 

Professor  Westcott,  though  not  a  member,  pledged  his  support  for 
the  meetings.  The  success  of  the  movement  would  mean  much  to 
those'outside  of  St.  Louis,  as  it  would  afford  them  an  opportunity  to 
meet  the  leading  engineers  of  that  vicinity. 

The  holding  of  local  meetings,  said  F.  L.  Jefferies,  would  in  no 
way  interfere,  witl/t he  growth^or*strength  of  city  clubs,  as  members 
of  the  Society  would  become  better  acquainted  with  engineers  of  that 
sectiqn  and  would-be  more  likely  to  join  city  clubs.  Neither  would 
there  be  any  likelihood  of^the  members  resigning  from  the  Society 
to  join  local  clubs,'  as  the  Society  membership  would  be  of  value  to 
them  whether  theyjemained  in  that  city  or  went  elsewhere. 

W.  M,  Armstrong  expressed  some  doubt  as  to  the  possibility  of 
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obtaining  papers  of  national  interest  at  each  meeting.  He  thought 
that  the  discussions  might  prove  of  local  interest  only. 

While  the  difficulty  of  obtaining  monthly  papers  up  to  the  full 
Society  standard  was  realized,  said  Mr.  Bryan,  the  discussions  could 
.be  much  less  formal  in  character,  the  Society  exercising  its  judgment 
as  to  what  part,  if  an}^,  would  be  published. 

The  question  of  publication,  Mr.  Holman  pointed  out,  was  fully 
settled  by  issuing  the  monthly  Journal  and  the  yearly  Transactions. 
Papers  on  subjects  that  are  developing,  and  those  that,  while  interest- 
ing and  instructive,  are  not  monumental,  are  published  in  The  Journal 
with  the  other  proceedings  of  the  Society.  Papers  of  high  quality 
pass  through  The  Journal  as  a  sieve  and  are  then  published  in  the 
Transactions.  A  report  of  any  meeting  would  appear  in  The  Journal, 
but  only  contributions  to  permanent  literature  would  be  accepted  for 
the  Transactions. 

Both  Mr.  Bryan  and  Professor  Hibbard  spoke  on  the  desirability  of 
not  anticipating  difficulties  but  of  solving  each  problem  as  it  was 
presented.  The  latter  speaker  was  hopeful  for  the  development  of 
the  talent  among  mechanical  engineers  which  the  proposed  meetings 
would  bring  about.  He  felt  that  in  approaching  the  questions  which 
would  come  up  they  should  proceed  as  well  as  possible,  inspired  with 
the  knowledge  that  their  growth  would  produce  papers  and  discus- 
sions of  value  to  the  profession  throughout  the  country. 

J.  A.  Laird  expressed  his  approval  of  the  report  of  the  committee. 
The  scheme  outlined  would  be  in  no  way  a  detriment  to  the  Engi- 
neers' Club  of  St.  Louis.  He  would  be  opposed  to  any  local  organiza- 
tion that  would  detract  from  the  Engineers'  Club,  but  he  believed  that 
the  proposed  plan  would  help  the  club  by  creating  an  interest  in 
mechanical  engineering  papers  and  the  discussion  on  them.  The 
presentation  of  papers  in  connection  with  the  club  meetings  he 
believed  would  add  to  the  interest  of  the  meetings  and  increase  the 
club's  membership. 

Victor  Hugo  thought  that  St.  Louis  should  be  represented  in  the 
Society  in  the  manner  proposed,  and  local  engineers  should  avail 
themselves  of  the  opportunity  for  initiating  the  movement. 

E.  A.  Fessenden,  speaking  as  one  of  the  younger  members,  said 
that  while  he  considered  The  Journal  and  the  Transactions  valuable, 
the  associations  which  Society  membership  made  possible  were  more 
so.  The  St.  Louis  meetings  would  enable  the  younger  members 
to  come  into  personal  touch  with  older  and  more  experienced  engineers 
and  would  convert  into  live,  active  members  those  who  felt  that  mem- 
bership in  the  Society  was  largely  nominal. 
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Following  Mr.  Fessenden,  the  adoption  of  the  report  was  then  con- 
sidered, the  vote  being  unanimously  in  its  favor.  A  motion  to  con- 
tinue Mr.  Bryan  as  chairman  and  Professor  Ohle  as  secretary  was 
also  adopted.  The  thanks  of  the  meeting  were  also  voted  to  the 
chairman  and  to  those  assisting  him  in  the  work  of  organizing. 

The  chairman  then  called  on  Prof.  F.  H.  Vose,  the  only  local  mem- 
ber of  the  Society  who  had  attended  the  Washington  convention, 
to  make  a  brief  report  of  the  proceedings  at  the  convention. 

Wiiile  it  was  his  first  experience  at  a  meeting  of  the  national  Society, 
Professor  Vose  said  he  was  distinctly  impressed  with  the  fact  that 
the  Society  was  by  no  means  a  New  York  organization.  He  met 
men  from  all  over  the  country  and  they  seemed  to  have  their  share  in 
the  management  of  affairs.  He  did  not  beheve  that  they  were  trying 
to  fix  the  character  of  the  local  meetings  at  St.  Louis  but  rather  that 
they  earnestly  desired  to  place  these  meetings  on  the  same  footing  as 
those  held  monthly  in  New  York. 

Professor  Vose  then  gave  an  interesting  running  account  of  the 
papers  and  discussion  presented  at  Washington. 

BOSTON  MEETING,  JUNE  11 

Following  the  plan  of  holding  meetings  of  the  Society  in  cities  other 
than  New  York,  inaugurated  at  the  meeting  of  the  Society  in  Boston 
on  April  16,  details  of  which  were  given  in  the  June  issue  of  The 
Journal,  a  meeting  was  held  there  on  June  11,  at  which  Geo.  A. 
Orrok's  paper  on  "Small  Steam  Turbines"  was  presented  for  dis- 
cussion. 

Prof.  Ira  N.  Hollis,  who  presided,  first  outhned  the  work  proposed 
for  the  meetings  of  the  Society  in  Boston  sa}dng  that  the  committee 
w^as  planning  a  number  of  meetings  after  October  1  and  was 
endeavoring  to  obtain  papers  in  season  for  publication  in  The  Journal. 
In  order  to  show  what  preparation  had  been  made  Professor  HolUs 
read  the  following  list  of  subjects,  papers  on  wliich  had  been  promised 
or  which  it  was  hoped  to  obtain: 

"  A  Comparison  of  the  Different  Methods  of  Figuring  the  Strength 
and  Stiffness  of  Reinforced-Concrete  Beams." 

"  Cooling  Towers  and  Spraying  Nozzles  for  Cooling  Towers." 

"The  Action  of  Superheated  Steam  on  Different  Metals." 

"Friction  Loss  in  Turbine  Nozzles." 

"The  Effect  of  Bleeding  Steam  from  Turbines  for  Manufacturing 
Purposes." 

"  Air  Pumps  and  Condensers." 
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It  was  also  desired  to  obtain  a  list  of  all  engineers  interested  in  the 
meetings.  Notices  had  been  sent  to  950  engineers  in  the  vicinity  of 
Boston.  Of  that  number  340  were  members  of  the  Society,  so  that  a 
substantial  number  were  available  as  a  neucleUs.  Professor  Hollis 
then  called  on  Secrstary  Calvin  W.  Rice  to  address  the  meeting. 

The  meeting,  said  Mr.  Rice,  was  in  every  sense  a  meeting  of  the 
Society,  just  as  though  it  were  held  in  New  York.  He  had  been  asked 
by  the  editor  of  a  technical  paper  if  it  were  allowable  to  publish  the 
proceedings  of  the  meeting  and  had  replied  that  the  Society  desired 
that  the  widest  publicity  be  given  to  all  the  proceedings.  He  had 
great  appreciation  for  the  work  of  the  committee  in  making  the 
meetings  possible  and  further  he  emphasized  that  the  present  meeting 
was  an  official  one  and' the  members  had  the  right  to  expect  the  pres- 
ence and  assistance  of  the  officers  of  the  Society. 

Mr.  Rice  expressed  pleasure  at  the  possibility  of  a  joint  meeting 
with  the  Boston  Society  of  Civil  Engineers  as  it  was  the  desire  of  The 
American  Society  of  Mechanical  Engineers  to  unify  and  bring  together 
all  engineers  and  not  to  establish  additional  societies. 

Professor  Hollis  then  asked  Prof.  E.  F.  Miller  to  read  Mr.  Orrok's 
paper,  after  which  the  meeting  was  given  over  to  discussion. 


GENERAL  NOTES 


GIFT    TO    LEHIGH    UNIVERSITY 


John  Fritz,  Past-President  and  Hon.Mem.Am.Soc.M.E.,  has 
given  $50,000  to  Lehigh  University  for  an  engineering  laboratory, 
Mr.  Fritz  has  been  a  trustee  of  the  university  for  over  thirty  years. 
The  Board  of  Trustees  has  appropriately  recognized  this  gift  [by 
naming  it  the  John  Fritz  Engineering  Laboratory. 

SORBONNE    MEDAL    PRESENTED    TO    ANDREW    CARNEGIE 

A  medal  was  presented  to  Andrew  Carnegie,  Hon.Mem.Am.Soc. 
M.E.,  by  the  Council  of  the  Sorbonne,  Paris,  on  May  26,  in  recog- 
nition of  his  founding  of  the  Curie  scholarship  in  1906.  The  guests 
of  the  occasion,  in  addition  to  the  entire  faculty  of  the  college,  were 
Madame  Curie,  Ambassador  White,  Baron  D'Estournelles  de  Con- 
stant and  M.  Niet,  President  of  the  French  Salon. 

CONTRIBUTION    TO    THE    CONGRESSIONAL   RECORD 

The  article  on  The  Lock  Canal  at  Panama  contributed  to  the  May 
number  of  the  Outlook  by  John  R.  Freeman,  Past-President  Am. 
Soc.M.E.,  and  member  of  the  special  board  appointed  to  investi- 
gate the  Gatun  Dam,  together  with  an  editorial  article  by  Charles 
Whiting  Baker,  Mem. Am. Soc.M.E.,  and  Editor  of  the  Engineering 
News,  was  presented  before  the  House  by  Hon.  Wm.  H.  Wiley,  Treas- 
urer, Am. Soc.M.E.,  and  was  ordered  published  in  the  records  of  that 
body. 

UNIVERSITY    OF    ILLINOIS    DINNER    TO    PROFESSOR    BRECKENRIDGE 

Prof.  L.  p.  Bi'eckeni-idge,  who  recently  resigned  from  the  depart- 
ment of  mechanical  engineering  of  the  University  of  Illinois,  to 
take  up  his  work  as  director  of  the  same  department  of  the  Sheffield 
Scientific  School  at  Yale  University,  was  tendered  a  farewell  dinner 
on  the  evening  of  June  21,  by  the  engineering  alumni  of  the  uni- 
versity from  Chicago  and  vicinity.     Professor  Breckenridge  spoke 
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of  his  new  work  and  also  of  the  keen  interest  which  he  would  always 
have  in  his  former  connections. 

PORTRAIT   OF    PROF.    CHARLES    B.    RICHARDS 

The  portrait  of  Prof.  Charles  B.  Richards,  Mem.Am.Soc.M.E., 
was  recently  painted  by  Emil  Fuchs,  for  presentation  to  Sheffield 
Scientific  School  of  Yale  University  by  a  committee  composed  of 
Professor  Richards'  former  pupils.  Professor  Richards,  who  was  one 
of  the  organization  members  of  The  American  Society  of  Mechanical 
Engineers,  is  retiring  from  his  position  as  head  of  the  department 
of  mechanical  engineering  of  Sheffield  Scientific  School  after  a  quarter 
of  a  century  of  continuous  service. 

FIRST   NATIONAL   CONSERVATION    CONGRESS 

The  First  National  Conservation  Congress  of  the  United  States 
of  America,  composed  of  representatives  from  each  of  the  important 
industries  and  callings  throughout  the  country,  convened  August 
26-28  in  the  auditorium  of  the  Alaska- Yukon-Pacific  Exposition  at 
Seattle,  Wash.  This  is  the  first  general  convention  covering  the 
conservation  and  utilization"  of  all  related  and  interdependent  re- 
sources of  the  nation,  although  there  have  been  important  general 
meetings  devoted  to  one  or  two  special  branches  of  this  movement. 
The  Congress  was  held  under  the  auspices  of  the  Washington  Con- 
servation Association,  with  the  approval  of  conservation  commissions 
and  committees  of  states  and  of  the  joint  committee  on  conservation 
between  states  and  nations,  and  had  among  its  speakers  men  of 
international  eminence.  Members  appointed  to  represent  the  Society 
at  the  Congress  were:  Robert  M.  Dyer,  Myron  Knox  Rogers,  Wm.  F. 
Zimmermann. 

AVERY   ENGINE    PRESENTED    TO    THE    SOCIETY 

Prof.  John  E.  Sweet,  Past-President  and  Hon.Mem.Am.Soc. 
M.E.,  and  a  nephew  of  William  Avery,  the  inventor,  has  presented 
to  the  Society  the  rotor  of  one  of  the  original  engines  built  in  Mr. 
Avery's  shop  in  Syracuse,  N.  Y.,  sometime  between  1835  and  1840. 
The  Avery  engine  was  a  rotary  engine,  or  turbine  of  the  reaction 
type,  having  a  hollow  forged  rotor  in  the  form  of  two  diametrically 
opposite  arms.  The  arms  were  hung  on  a  hollow  shaft  through  which 
the  steam  entered,  passing  through  the  hollow  arms  and  escaping 
through  orifices    at  their  ends. 
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In  a  description  of  the  engine  Prof.  Sweet  states  that  the  shaft 
had  no  metal  bearings  except  at  the  extreme  outer  end  and  beyond 
the  driving  pulley;  at  the  end  of  the  shaft  opposite  the  steam  pipe, 
where  the  steam  entered  the  hollow  shaft,  rollers  were  placed  to 
take  the  pressure  of  the  steam,  usually  150  lb.  The  metal  bearing 
referred  to  was  in  connection  with  these  rollers.  On  each  side  of 
the  case  in  which  the  arms  revolved  was  a  packing  box  in  which 
hemp  paclving  was  used.  These  two  packing  boxes  made  the  main 
bearings  of  the  engine. 

A  Mr.  Herrick,  who  helped  build  and  operate  the  engines,  said 
that  wdien  slide-valve  engines  were  substituted  for  Avery  engines  no 
gain  was  made  in  steam  economy.  Trouble  was  had  with  the  pack- 
ing and  with  the  cutting  out  of  the  blades  at  the  ends  of  the  arms. 
Mr.  Avery  refers  in  his  notebook  to  a  rotor  7  ft.  long  which  ran  14^ 
miles  a  minute. 

DEDICATION    OF    RUSSELL    SAGE    LABORATORY    AT    RENSSELAER    POLY- 
TECHNIC  INSTITUTE 

The  new  building  for  the  School  of  ]\lechanical  and  -Electrical 
Engineering,  erected  through  the  generosity  of  Mrs.  Russell  Sage, 
was  formally  opened  on  June  15,  in  the  presence  of  a  large  gathering 
of  alumni  and  well-known  engineers.  Addresses  were  made  bv 
Robert  W.  DeForest,  of  New  York,  Mrs.  Sage's  attorney  and  rep- 
resentative, by  Jesse  M.  Smith.  Pres.Am.Soc.M.E.,  and  an  alumnus, 
and  by  Lewis  B.  Stilwell,  Pres.Am.Inst.E.E. 

President  Smith  said  in  part:  Rensselaer  Polytechnic  Institute  has 
a  higher  destiny  than  the  education  of  men  in  a  single  branch  of 
engineering,  and  in  this  eighty-fifth  year  of  its  growth  mechanical 
engineering  has  finally  been  recognized.  No  engineering  work  of 
importance  can  progress  far  without  it  and  engineering  has  taken 
such  an  important  part  in  the  activities  of  this  country  that  no  indus- 
try can  attain  prominence  unless  it  be  entrusted  principally  to  engi- 
neers. An  engineer  who  does  not  look  beyond  his  own  circumscribed 
horizon  cannot  become  great,  for  the  fields  covered  by  the  various 
branches  of  his  profession  overlap  one  another  and  new  conditions 
constantly  arise  so  that  he  cannot  tell  what  he  will  be  called  upon 
to  do  next.  The  establishment  of  courses  of  mechanical  and  elec- 
trical engineering  in  addition  to  civil  engineering  simply  means  that 
the  trustees  and  faculty  of  Rensselaer  have  recognized  the  demand 
for  a  higher  and  broader  education.     It  is  possible  that  in  the  future 
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each  gi-aduate  of  an  engineering  school  will  receive  the  same  general 
degree  and  that  aftei"  years  of  practice  he  may  return  to  the  Insti- 
tute and  be  examined  for  a  degree  in  his  chosen  specialty.  I  hold 
for  the  highest  possible  school  education  for  the  engineer  without 
regard  to  specialty. 

The  Institute  now  possesses  three  splendidly  equipped  new  build- 
ings erected  within  the  last  four  years.  Of  the  Sage  gift  of  $1,000,000, 
the  sum  of  $700,000  has  been  reserved  for  a  permanent  endowment 
fund. 

The  Society  was  further  represented  at  the  dedication  by  Charles 
Whiting  Baker,  Editor  of  Engineering  News,  Profs.  Wm.  H.  Burr 
and  Fredk.  A.  Goetze  of  Columbia  University,  Prof.  H.  W.  Spangler 
of  the  University  of  Pennsylvania,  and  Wm.  B.  Cogswell,  of  Syracuse. 

INAUGURATION    OF    PRESIDENT    MACLAURIN 

Richard  Cockburn  MacLaurin,  formerly  associated  in  educational 
work  in  England  and  Australia  and  later  professor  of  mathematical 
physics  at  Columbia  University,  was  inaugurated  President  of  the 
Massachusetts  Institute  of  Technology  on  June  7.  On  the  platform 
were  representatives  of  almost  every  department  of  educational  and 
scientific  activity,  including  college  presidents  from  all  parts  of  the 
United  States  and  members  of  scientific  associations  and  technolog- 
ical institutions.  In  accordance  with  a  vote  of  the  Council,  the 
Society  was  represented  by  Worcester  R.  Warner,  Past-President 
and  Calvin  W.  Rice,  Secretary  and  graduate  of   the  Institute. 

Among  the  speakers  were  Frederick  P.  Fish,  a  member  of  the 
executive  committee  of  the  corporation,  who  announced  the  election 
of  Professor  MacLaurin  as  president  of  the  Institute;  Governor  Eben 
S.  Draper  of  Massachusetts,  a  graduate  of  Massachusetts  Institute  of 
Technology;  ex-president  Pritchett,  now  president  of  the  Carnegie 
Foundation  for  the  Advancement  of  Teaching;  James  P.  Munroe, 
former  president  of  the  Alumni  Association  of  the  Institute;  Presi- 
dent A.  Lawrence  Lowell  of  Harvard  University;  The  Right  Honor- 
able James  Bryce,  ambassador  from  Great  Britain;  and  Dr.  Arthur 
A.  Noyes,  chairman  of  the  faculty. 

In  his  inaugural  address.  President  MacLaurin  outlined  his  creed 
as  an  educator.  He  said  in  part:  The  end  of  education  is  to  fit  men 
to  deal  honestly,  intelligently  and  efficiently  with  the  affairs  of  a  life 
as  abundant  and  complete  as  possible.  Science  should  play  a  very 
prominent  if  not  a  leading  part  in  the  higher  education  of  an  increas- 
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ing  section  of  the  cominunity,  since  the  e:reat  problems  of  a  nation 
today  are  mainly  scientific,  and  the  quickness  with  which  the  differ- 
ent nations  have  s,rasped  the  fact  that  energy,  courage  and  dogged- 
ness  are  no  longer  enough  to  win  the  fight,  miglit  l)c  used  as  a  touch- 
stone of  their  intelligence.  Science  and  culture  must  be  combined. 
The  root  of  culture  is  the  possession  of  an  ideal  broad  enough  to 
form  the  basis  of  a  sane  criticism  of  life,  and  technical  schools  should 
not  only  train  men  for  those  professions  in  which  science  plays  a 
leading  pait  but  should  in  addition  fit  them  to  extend  the  bounds  of 
knowledg(»  in  as  many  directions  as  the}'  see  opportunity.  Above 
all,  the  freshness  and  vigor  of  youth  must  be  preserved  in  our  stu- 
dents and  their  natural  powers  of  initiative  improved  outside  the 
classroom  by  a  rational  system  of  athletics  and  a  rational  social  life. 

INTERNATIONAL  ASSOCIATION  FOR  TESTING  MATERIALS 

Dr.  Charles  B.  Dudley,  Mem.Am.Soc.M.E.,  has  been  appointed 
delegate  on  the  part  of  the  United  States  to  the  Congress  of  the  Inter- 
national Association  for  Testing  Materials  to  he  held  at  Copenhagen, 
September  7-11,  1909.  Dr.  Dudley  will  also  act  as  official  delegate 
of  this  Society  to  the  Congress. 


OTHER  SOCIETIES 

AMERICAN    INSTITUTE    OP    ELECTRICAL    ENGINEERS 

The  twenty-sixth  annual  convention  of  the  American  Institute 
of  Electrical  Engineers  was  held  at  Frontenac,  N.  Y.,  June  28- 
July  1.     The  registration  reached  a  total  of  286. 

Among  the  papers  presented  were:  Alternator  for  100,000 Cycles, 
Multispeed  Induction  Motors,  Alternating-Current  Motors  versus 
Direct-Current  Motors  in  Steel  Mills,  Power  Requirements  for  Rolling 
High-Carbon  Steel  of  Small  Section,  Electrical  Control  for  Rolling- 
Mill  Motors,  The  Training  of  Non-Technical  Men. 

The  Society  was  represented  at  the  convention  by  J.  W.  Lieb,  Jr., 
S.  Hosmer,  Paul  M.  Lincoln,  Prof.  Morgan  Brooks,  D.  B.  Rushmore, 
W.  G.  Carleton,  C.  W.  Stone,  Earl  Wheeler,  W.  N.  Ryerson,  H.  G. 
Reist,  A.  H.  Kruesi,  W.  I.  Slichter,  and  others. 

AMERICAN    SOCIETY    OF    CIVIL    ENGINEERS 

The  annual  convention  of  the  American  Society  of  Civil  Engi- 
neers was  held  July  6-9,  at  Mt.  Washington  Hotel,  Bretton  Woods, 
N.  H.  The  presidential  address  was  delivered  at  the  opening  session 
by  Onward  Bates,  on  The  Status  of  the  Civil  Engineer's  Profession 
in  the  United  States.  Two  reports  were  discussed,  one  on  the  Status 
of  the  Metric  System,  the  other  that  of  the  Special  Committee  on 
Concrete  and  Reinforced  Concrete.  Among  the  papers  presented 
were:  Fire  Resistant  Construction  in  Buildings,  by  Herbert  M.  Wil- 
son; Impurities  in  Sand  for  Concrete,  by  S.  E.  Thompson;  and  Road 
Watering  as  Compared  with  Oiling  for  Laying  Dust,  by  Saml.Whinery, 
Mem.Am.Soc.M.E. 

AMERICAN   INSTITUTE    OF   CHEMICAL   ENGINEERS 

A  new  national  society,  the  American  Institute  of  Chemical  Engi- 
neers, held  its  first  meeting  in  the  Brooklyn  Polytechnic  Institute, 
New  York,  June  24-26.  During  the  first  day  papers  were  presented 
on  the  following  subjects :  The  Limits  of  Efficiency  of  the  Power  Gas 
Producer,  Prof.  W.  D.  Ennis,  Mem.Am.Soc.M.E.;  The  Utihzation 
of  Low-Grade  Fuels  in  the  United  States,  0.   K.  Zwingenberger; 
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Creosote  Oil  from  Water  Gas  Tar,  S.  P.  Sadtler;  The  Centering  of 
Great  Industries  in  the  Metropolitan  District,  Dr.  C.  F.  McKenna; 
Experiments  in  the  Case-Hardening  of  Steel  with  Gases,  Prof.  J.  C. 
Olsen;  Methods  of  Clay  Control,  J.  G.  Dean.  The  remaining  days 
of  the  convention  were  spent  in  trips  to  plants  of  interest,  such  as 
the  Atlantic  Lead  Works  in  Brooklyn  and  the  Standard  Oil  Com- 
pany's works  in  Bayonne,  N.  J, 

SOCIETY   OF    NAVAL    ARCHITECTS    AND    MARINE    ENGINEERS 

The  summer  meeting  of  the  Society  of  Naval  Architects  and 
Marine  Engineers  was  held  at  Detroit,  Mich.,  June  24-26.  Papers 
were  presented  on  Some  Model  Experiments  on  Suction  of  Vessels; 
A  Method  of  Determining  Pressures  in  Steam  Turbines;  The  Resist- 
ance of  Some  Full  Types  of  Vessels;  The  U.  S.  S.  Michigan,  renamed 
the  Wolverine;  Shallow  Draft-Steamers;  Material  Handling  Arrange- 
ment for  Vessels  on  the  Great  Lakes;  The  Strength  of  Knees  and 
Brackets  on  Beams  and  Stiffeners;  and  Towing  Problems.  The 
Society  was  represented  at  the  meeting  by  T.  H.  Hinchman,  Jr., 
Alex  Dow,  W.  J.  Keep  and  Walter  S.  Russel,  of  Detroit,  and  Prof. 
M.  E.  Cooley,  of  Ann  Arbor,  Mich. 

SOCIETY  FOR   THE    PROMOTION   OF   ENGINEERING   EDUCATION 

The  Society  for  the  Promotion  of  Engineering  Education  held  its 
annual  convention  in  New  York,  June  24-26,  meeting  for  its  several- 
sessions  in  the  Engineering  Societies  Building,  at  Columbia  Uni- 
versity and  at  P^att  Institute.  Papers  were  presented  by  Prof.  F. 
E.  Turneaure  on  Present  Tendencies  in  Technical  Education;  by 
Charles  Buxton  Going  on  The  Relation  of  Engineering  Education  to 
Industry;  by  Fred.  W.  Taylor,  Mem.Am.Soc.M.E.,  on  The  Prepa- 
ration of  Technical  Graduates  for  Industries;  and  by  Prof.  Hugo 
Diemer,  Mem.Am.Soc.M.E.,  on  Employers'  Requisites  of  Tech- 
nical Graduates. 

NATIONAL     ASSOCIATION     OF     GERMAN-AMERICAN     TECHNOLOGISTS 

The  silver  anniversary  of  the  founding  of  the  National  Association 
of  German-American  Technologists  was  celebrated  in  Philadelphia, 
Pa.,  August  28-3 L  In  addition  to  the  sessions  of  delegates,  trips 
were  made  to  various  points  of  engineering  importance  in  and  about 
the  city.  G.  A.  Stierling  delivered  a  lecture  before  the  association 
on  Reinforced  Concrete. 


NECROLOGY 

EDWIN  REYNOLDS 

Past-President,  Am.Soc.M.E. 

Edwin  Reynolds  was  born  in  Mansfield,  Conn.,  March  23,  1831, 
and  was  apprenticed  at  the  age  of  16  to  A.  P.  Kenney,  a  local  machin- 
ist. At  the  end  of  three  years'  apprenticeship  he  started  on  a 
journeyman's  torn-  of  various  shops  in  lower  New  England. 

About  1857  Mr.  Reynolds  went  West  and  for  a  time  was  superin- 
tendent of  the  shops  of  Steadman  &  Co.,  of  Aurora,  111.,  builders  of 
engines,  sawmill  machinery,  drainage  pumps,  etc.,  for  the  Southern 
trade.  As  this  business  practically  ceased  during  the  Civil  War,  he 
returned  to  the  East  and  was  employed  in  several  machine  works 
until,  in  1867,  having  attracted  the  attention  of  George  H.  Corliss,  he 
was  offered  a  position  in  the  works  of  the  Corliss  Steam  Engine 
Company,  at  Providence,  R.  L,  where  he  remained  as  general  super- 
intendent until  1877.  His  last  notable  work  with  the  Corliss  com- 
pany was  the  design  of  a  rolling-mill  engine  to  lun  at  160  r.p.m.  a 
speed  double  that  of  previous  designs.  This  engine  was  installed  at 
the  works  of  the  Trenton  Iron  Co.,  in  1877.  In  1890  a  second  fly- 
wheel was  added  and  the  speed  increased  to  180  r.p.m. 

In  1877  Mr.  Reynolds  accepted  the  position  of  general  superin- 
tendent of  the  Edward  P.  Allis  Company,  of  Milwaukee,  Wis.,  his 
first  work  being  to  place  the  company  on  a  paying  basis,  largely 
through  the  development  of  the  Reynolds-Corliss  engine.  He  later 
developed  the  building  of  a  varied  line  of  machinery,  including  large 
Corliss-engine  units  for  pumping  service,  mining,  air  compressing, 
furnace  blast,  street-railway  work  and  other  purposes.  One  note- 
worthy achievement  was  the  building,  in  1888,  of  the  first  triple- 
expansion  pumping  engine  for  waterworks  service.  This  engine  was 
described  by  Professor  Thurston  as  "doing  continuously  so  high  a 
duty  as  to  place  it  among  the  most  remarkable  constructions  of  its 
class  and  time,  and  probably  to  make  its  record  the  highest  to  date 
(1894)." 

The  blowing  engine  designed  by  Mr.  Reynolds  for  the  original 
Joliet  Steel  Company  and  chosen  from  among  competitive  designs 
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submitted  by  leading  engineers  in  the  United  States  and  Europe, 
embodied  a  radical  departure^from^^accepted  practice,  but  after  more 
than  25  years  of  continuous  experimenting  the  essential  features  of 
this  design  have  not  been  improved  upon. 

The  well-known  story  of  his  sketching  the  design  of  the  horizontal- 
vertical  four-cylinder  compound  engine  for  the  Manhattan  Railway 
Company's  power  house  in  New  York  City,  while  on  tlie  train  from 
Milwaukee  to  New  York,  illustrates  his  marvelously  quick  inventive 
genius. 

At  the  time  of  his  death,  Mr.  Reynolds  was  consulting  engineer 
of  the  Allis-Chalmers  Company,  although  the  illness  of  the  past  three 
years  had  prevented  active  duty.  He  took  a  great  interest  to  the 
last  in  the  magnificent  new  works  of  the  company  at  West  Allis, 
which  had  been  laid  out  on  a  strictly  engineering  basis,  after  his 
])lans,  at  the  time  the  Edward  P.  Allis  Company  became  merged  in 
the  new  organization. 

He  was  also  interested  in  a  number  of  other  plants  of  Milwaukee 
and  vicinity,  had  been  the  first  president  of  the  National  Metal 
Trades  Association,  and  bore  the  degree  of  LL.D.,  conferred  upon 
him  by  the  University  of  Wisconsin,  on  the  wall  of  whose  college  of 
engineering  his  name  has  been  carved. 

Mr.  Reynolds  served  as  Vice-President  of  the  Society  from  1892- 
1894,  and  as  President  for  the  year  1902. 

His  death  occurred  at  his  home  in  Milwaukee  February  19,  1909. 

ANDREW  JAMES  CALDWELL 

Andrew  James  Caldwell,  Manager,  Am.Soc.M.E.,  died  in  New 
York  City,  May  10,  1909.  Mr.  Caldwell  was  born  in  Brooklyn,  N.  Y., 
May  1,  1858,  and  was  graduated  from  the  University  of  Maine  in 
1878,  with  the  degree  of  B.M.E.  He  also  took  a  graduate  course  at 
Cornell  University. 

He  first  entered  the  employ  of  the  Delamater  Iron  Works,  and  later 
that  of  one  of  the  regular  line  steamship  companies  on  the  New  York 
and  New  Orleans  route.  In  1880  he  became  connected  as  drafts- 
man with  the  firm  of  Henry  R.  Worthington,  and  was  closely  identi- 
fied with  the  designing  and  development  of  the  Worthington  high- 
duty  pumping  engine.  He  was  soon  made  chief  of  the  erecting  and 
testing  departments,  which  dealt  with  water-works  pumping  machin- 
ery; then  assistant  to  the  president,  Charles  C.  Worthington;  and 
finally  general  manager  of  the  hydraulic  works. 
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Soon  after  the  formation  of  the  International  Steam  Pump  Com- 
pany, he  resigned  to  take  a  similar  position  with  the  Crane  Company 
of  Chicago,  by  which  he  was  later  sent  to  Bridgeport,  Conn.,  to  take 
charge  of  the  new  plant  of  the  Eaton,  Cola&^Burnham  Company,  con- 
trolled by  them.  In  1902  he  resigned,  accepting  a  position  with  the 
National  Foundry  Association,  and  later  entered  the  service  of  the 
Standard  Oil  Company,  with  which  he  was  identified  at  the  time  of 
his  death. 

Mr.  Caldwell  was  elected  Manager  of  the  Society  in  1906,  and  was 
still  serving  at  the  time  of  his  death.  He  was  a  member  of  the 
Engineers'  Club  in  New  York,  and  one  of  the  organizers  and  first  pres- 
ident of  the  Brooklyn  Engineers'  Club. 

ALEXANDER  MILLER 

Alexander  Miller,  head  of  the  firm  of  Alexander  Miller  and  Brothers 
of  Jersey  City,  N.  J.,  died  May  6,  1909,  at  his  home  in  New  York. 
Mr.  Miller  was  born  in  Aberdeen  in  1857  and  came  to  this  country 
at  an  early  age.  He  began  his  engineering  career  at  the  old  Dela- 
mater  Iron  Works  of  New  York,  of  which  his  father  was  superin- 
tendent. Later  he  formed  a  connection  with  the  Deeley  Iron  Works 
and  specialized  in  sugar-evaporating  machinery.  More  recently  he 
applied  with  conspicuous  success  the  experience  thus  gained  to  the 
problem  of  the  evaporation  of  brine  in  the  manufacture  of  salt. 
Three  of  the  New  York  fire  boats  were  also  the  product  of  his  works. 

Mr.  Miller  was  a  leading  factor  in  the  organization  of  the  Dela- 
mater  Veterans  Association,  composed  of  his  old  associates  at  the 
Delamater  works,  and  until  the  present  year  was  its  president.  He 
was  also  a  member  of  Scotia  Lodge,  F.  &  A.  M.,  the  Engineers' 
Club,  New  York  Athletic  Club  and  the  St.  Andrew's  Society. 

DAVID  HAMILTON  GILDERSLEEVE 

David  Hamilton  Gildersleeve  was  born  in  Tenafly,  N.  J.,  August 
5,  1867,  and  died  in  New  York  City,  July  30,  1909.  He  was  educated 
at  Stevens  Institute  of  Technology,  Hoboken,  N.  J.,  and  graduated 
in  1889  with  the  degree  of  M.E.  For  nearly  ten  years  thereafter  he 
was  active  in  gas  engineering  and  the  construction  and  selling  of 
pumps  and  hydraulic  machinery,  being  associated  with  the  United 
Gas  Improvement  Company  of  Philadelphia,  the  John  H.  McGowan 
Company  of  Cincinnati,  and  the  Snow  Steam  Pump  Works,  New  York. 
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For  three  years,  dui-ing  and  following  the  Spanish-American  War, 
he  served  as  first  lieutenant,  United  States  Corps  of  Engineers  in  Cuba, 
and  as  assistant  engineer  of  the  Department  of  Havana  had  charge 
of  the  mechanical  work  executed  and  planned  there.  In  1904 
he  became  associated  with  the  C.  W.  Hunt  Company,  of  West  New 
Brighton,  N.  Y.,  as  sales  manager,  which  position  he  resigned  in 
February  1909  to  become  one  of  the  partners  in  the  shipbuilding  firm 
of  the  Waters,  Gildersleeve,  Colver  Company,  of  West  New  Brighton, 
Staten  Island. 

Mr.  Gildersleeve  became  a  member  of  the  Society  in  1908.  He  was 
a  member  of  the  Machinery  Club,  the  American  Gas  Institute, 
the  New  York  Railroad  Club,  Dry  Dock  Association,  Staten  Island 
Club,  Royal  Arcanum,  Staten  Island  Association  of  Arts  and  Sciences, 
Spanish  War  Veterans  Association,  the  Chi  Phi  Fraternity,  and  was 
Secretary  of  the  Stevens  Alumni  Association. 

A.    W.    K.  PEIRCE 

Arthur  Warren  Kendall  Peirce  died  April  13,  1909,  at  Driehoek, 
Transvaal,  South  Africa,  where  he  had  been  located  since  1897.  He 
was  born  in  West  Boylston,  Mass.,  November  19,  1873.  His  pre- 
liminary education  was  acquired  in  the  Plymouth,  Mass.,  high  school, 
and  his  technical  education  by  home  study  and  experience  in  the 
engineering  departments  of  various  electrical  companies. 

In  July  1897,  he  was  appointed  electrician  to  the  Knights  Deep, 
Ltd.,  a  gold  mining  company  in  the  Transvaal,  and  a  year  later 
became  consulting  electrical  engineer  to  the  Consolidated  Gold  Fields 
of  South  Africa,  Ltd.,  a  corporation  controlling  a  number  of  mines 
in  the  Transvaal,  continuing  in  this  position  until  1906.  After  a 
trip  to  England  he  returned  to  South  Africa  in  April  1907,  to  accept 
an  appointment  with  the  Victoria  Falls  Power  Co.,  Ltd.,  of  Germis- 
ton,  Transvaal,  which  he  retained  to  the  time  of  his  death. 

Mr.  Peirce  was  also  a  member  of  the  American  Institute  of  Elec- 
trical Engineers,  the  South  African  Association  of  Engineers,  the 
Mechanical  Engineers'  Association  of  the  Witwatersrand,  and  an 
associate  of  the  Chemical,  Metallurgical  and  Mining  Society  of  South 
Africa.  He  made  many  extensive  trips  through  the  various  mining 
regions  of  America  in  search  of  information  regarding  hoisting  from 
deep  mines,  in  which  work  he  was  professionally  interested. 
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JANG   LANDSING 

Jang  Landsing,  whose  death  occurred  July  10,  1909,  was  born 
in  Heong  San,  China,  October  11,  1864.  He  was  graduated  from 
the  Worcester  Polytechnic  Institute  in  June  1887,  with  the  degree 
of  B.S. 

He  was  apprenticed  to  the  Washburn  Machine  Shops  for  three 
years,  after  which  he  became  connected  with  the  Pratt  &  Whitney 
Co.,  as  draftsman,  leaving  after  two  years  to  accept  a  position  as' 
machine  designer  with  the  Brush  Electric  Co.,  of  Cleveland. 

About  1899  Mr.  Landsing,  working  in  cooperation  with  Mr.  Joseph 
Bijur,  assisted  in  developing  a  line  of  special  machinery  for  the  manu- 
facture of  the  "  Bijur  "  type  of  storage  battery.  Mr.  Landsing  became 
mechanical  engineer  and  then  superintendent  of  the  General  Storage 
Battery  Co.  and  w^as  in  active  charge  of  the  company's  large  plant 
at  Boonton,  N.  J.,  at  the  time  of  his  death.  This  work  afforded  him 
unusual  opportunity  to  exercise  his  mechanical  ingenuity,  and  many 
of  the  company's  successful  machines  are  due  to  the  combiiuition  of 
his  fine  mechanical  judgment  and  designing  skill.  He  organized 
and  equipped  a  machine  shop  for  the  manufacture  of  the  special 
tools  used  by  the  company  and  also  the  300-kw.  power  plant.  Mr. 
Landsing  had  the  ability  to  carry  out  in  an  efficient  and  economical 
manner  work  with  which  he  was  not  previously  familiar. 

Mr.  Landsing  was  also  consulting  engineer  of  the  Chinese  Legation 
at  Washington. 


PERSONALS 

Walter  C.  Allen,  Jun.Am.Soc.M.E.,  formerly  General  Superintendent  of  the 
Yale  &  Towne  Mfg.  Co.,  Stamford,  Conn.,  has  been  appointed  General  Manager, 
with  headquarters  in  New  York. 

C.  Kemble  Baldwin,  Mem.Am.Soc.M.E.,  contributed  an  article,  Tradings 
Disposal  Plant  at  the  Wolverine  Mill  to  the  July  10  issue  of  The  Engineering  and 
Mining  Journal. 

J.  F.  Beecher,  Assoc. Am. Soc.M.E.,  has  entered  the  employ  of  the  Pennsyl- 
vania Steel  Co.,  Steelton,  Pa.,  as  draftsman  in  the  mechanical  department.  He 
was  formerly  connected  with  the  Solvay  Process  Co.,  Syracuse,  N.  Y.,  as  drafts- 
man. 

J.  R.  Bibbins,  Mem.Am.Soc.M.E.,  has  become  Assistant  Engineer  to  B.  J. 
Arnold,  Appraisal  Division,  Public  Service  Commission,  New  York.  He  was 
formerly  associated  with  the  Westinghouse  Machine  Company,  East  Pittsburg, 
Pa.,  as  Engineer. 

Grant  D.  Bradshaw,  Jun.Am.Soc.M.E.,  has  severed  his  connection  with  the 
Ilhnois  Steel  Company,  and  has  opened  an  office  at  77  Jackson  Blvd.,  as  a  Con- 
sulting Engineer. 

Wm.  B.  Brendlinger,  Assoc. Am.Soc.M.E.,  has  been  made  Pittsburg  Manager 
of  the  IngersoU  Rand  Co.  He  was  until  recently  New  York  Manager  of  the 
company. 

Paul  R.  Brooks,  Jun.Am.Soc.M.E.,  formerly  General  Sales  Manager  of  the 
Machine  Sales  Co.,  Peabody,  Mass.,  has  become  Resident  Engineer  of  the  Union 
Bag  and  Paper  Co.,  Sandy  Hill,  N.  Y. 

Donald  S.  Brown,  Jun.Am.Soc.M.E.,  has  entered  the  employ  of  the  Westing- 
house  Electric  and  Manufacturing  Company,  Pittsburg,  Pa.  He  was  recently 
associated  with  the  Dayton  Hydraulic  Machinery  Company,  Dayton,  O.,  in  the 
capacity  of  Sales  Manager. 

J.  J.  Brown,  Mem.Am.Soc.M.E.,  has  been  elected  vice-president  and  general 
manager  of  the  Wheeler  Condenser  &  Engineering  Co.,  Carteret,  N.  J.  Mr.  Brown 
recently  resigned  his  position  as  general  Western  sales  manager  of  the  Interna- 
tional Steam  Pump  Co. 

J.  Norman  Bulkley,  Mem.Am.Soc.M.E.,  formerly  Chief  Engineer  of  the  United 
Engineering  Company,  Ltd.,  Johannesburg,  South  Africa,  has  accepted  a  posi- 
tion with  the  General  Mining  and  Finance  Corporation.  Johannesburg,  South 
Africa,  as  Consulting  Electrical  Engineer. 

Charles  E.  Burgoon,  Mem.Am.Soc.M.E.,  formerly  Assistant  Inspector  of  Elec- 
tric Light  Plants,  Treasury  Department,  Washington,  D.  C,  has  been  made 
Assistant  Inspecting  Engineer,  Isthmian  Canal  Commission,  Washington,  D.  C. 
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S.  N.  Castle,  Assoc.Am.Soc.M.E.,  formerly  connected  with  Welch  &  Co.,  is 
now  with  the  New  York  office  of  the  General  Electric  Co. 

Alexander  G.  Christie,  Assoc.Am.Soc.M.E.,  Research  Assistant  in  engineering 
at  the  University  of  Wisconsin,  has  been  made  Assistant  Professor  of  steam 
engineering,  in  charge  of  the  steam  and  gas  engineering  laboratories. 

Chas.  E.  Davis,  Mem.Am.Soc.M.E.,  has  been  appointed  General  Manager  of  the 
Warner  Gear  Co.,  Muncie,  Ind.  He  was  formerly  Superintendent  of  the  auto- 
mobile department  of  the  American  Locomotive  Company,  Providence,  R.  I. 

Charles  Day,  Jun.Am.Soc.M.E.,  officially  represented  the  Franklin  Institute 
on  the  occasion  of  the  presentation  of  the  gold  medals  of  the  Aero  Club  of  America 
to  Messrs.  Wilbur  and  Orville  Wright  by  President  Taft,  in  the  East  Room  of  the 
White  House  on  June  10. 

Edward  P.  Decker,  Mem.Am.Soc.M.E.,  has  accepted  the  position  of  Engineer 
with  the  Kemiweld  Can  Co.,  Detroit,  Mich.  Until  recently  he  held  a  similar 
position  with  Westinghouse,  Church,  Kerr  &  Co.,  New  York. 

William  B.  Dodds,  Jun.Am.Soc.M.E.,  has  entered  the  service  of  the  ConsoU- 
dated  Light,  Power  and  Ice  Company,  JopUn,  Mo.  He  was  formerly  associated 
with  the  Denver  Gas  and  Electric  Co.,  Denver,  Colo. 

Paul  Doty,  Mem.Am.Soc.M.E.,  has  recently  been  elected  president  of  the  local 
business  league,  St.  Paul,  Minn. 

Arthur  T.  Doud,  Jun.Am.Soc.M.E.,  has  become  Mechanical  Engineer  of  the 
Hale-Kilburn  Metal  Company,  Philadelphia,  Pa.  He  was  formerly  with  J.  G. 
White  &  Co.,  in  the  capacity  of  Cost  Engineer. 

Alfred  E.  Forstall,  Mem.Am.Soc.M.E.,  has  been  elected  honorary  alumni  trus- 
tee of  Lehigh  University,  South  Bethlehem,  Pa. 

G.  Clinton  Gardiner,  Jr.,  Mem.Am.Soc.M.E.,  has  been  appointed  General  Fore- 
man of  Motive  Power,  Hudson  Division,  P.  R.  R.,  Jersey  City,  N.  J.  He  was 
until  recently  General  Foreman  of  the  Belvidere  Division  of  the  railroad,  Lambert- 
ville,  N.  J. 

Harry  Gay,  Assoc.Am.Soc.M.E.,  formerly  associated  with  the  N.  Y.  C.  &  H.  R.  R. 
R.,  New  York,  in  the  capacity  of  Assistant  Engineer,  has  accepted  a  position 
with  A.  L.  Drum  &  Co.,  Chicago,  111.,  as  Mechanical  Engineer. 

William  Paul  Gerhard,  Mem.Am.Soc.M.E.,  is  author  of  a  book  on  Sanitation 

and  Sanitary  Engineering. 

William  H.  Gerrish,  Mem.Am.Soc.M.E.,  has  accepted  a  position  with  the  Col- 
umbian Rope  Company,  Auburn,  N.  Y.,  as  Superintendent  of  the  soft  fiber  depart- 
ment. He  was  until  recently  associated  with  the  Travers  Manufacturing  Com- 
pany, New  York,  as  Superintendent. 

Walter  B.  Gump,  Jun.Am.Soc.M.E.,  recently  of  Los  Angeles,  Cal.,  is  now  per- 
manently located  at  Tacoma,  Wash.,  and  engaged  in  general  mechanical  and 
electrical  engineering. 

F.  W.  HoUmann,  Jun.Am.Soc.M.E.,  has  resigned  his  position  as  Steam  Engi- 
neer of  the  Maryland  Steel  Co.,  Sparrows  Point,  Md.,  in  order  to  accept  thepo- 
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sition  of  Assistant  Mechanical  Engineer  for  the  Carborundum  Company,  of  Niagara 
FaUs,  N.  Y. 

First  Lieutenant  Mark  L.  Ireland,  Jun.Am.Soc.M.E.,  has  been  transferred  from 
the  Frankford  to  the  "Watertown  Arsenal,  Watertown,  Mass.,  connected  with 
the  ordnance  department. 

J.  E.  Johnson,  Jr.,  Mem.Am.Soc.M.E.,  has  accepted  a  position  with  the  Repub- 
lic Iron  and  Steel  Company,  as  General  Superintendent  of  the  Thomas,  Ala., 
Division. 

J.  C.  Jurgensen,  Assoc. Am.Soc.M.E.,  Chief  Engineer  and  Superintendent,  St. 
Regis  Hotel,  New  York,  has  resigned  his  position  to  take  the  chair  of  engineering 
plant  instruction  at  Columbia  University  next  fall.  A  new  course  has  been  estab- 
lished for  training  students  in  the  duties  of  engineers  in  charge  of  power  plants. 

R.  R.  Keely,  Mem.Am.Soc.M.E.,  has  recently  been  made  professor  of  electrical 
engineering  in  the  Nova  Scotia  Technical  College,  Halifax,  N.  S. 

Prof.  William  Kent,  Mem.Am.Soc.M.E.,  has  resigned  his  position  as  General 
Manager  of  the  Sandusky  Foundry  and  Machine  Company,  Sandusky,  O. 

A.  R.  Kipp,  Mem.Am.Soc.M.E.,  formerly  Superintendent  of  Motive  Power  of  the 
Wisconsin  Central  Railway,  has  been  appointed  Mechanical  Superintendent  of 
the  Chicago  division  of  the  Soo  Line. 

Nisbet  Latta,  Jun.Am.Soc.M.E.,  until  recently  located  at  Seattle,  Wash.,  has 
entered  the  mill  and  gas  engine  department  of  the  Allis-Chalmers  Company,  West 
AUis,  Wis. 

Ralph  A.  Lee,  Jun.Am.Soc.M.E.,  until  recently  in  the  employ  of  Geo.  F.  Har- 
die,  New  York,  has  accepted  a  position  with  Walter  Kidde,  New  York,  as  Assist- 
ant Building  Superintendent. 

Ray  D.  Lillibridge,  Assoc.Am.Soc.M.E.,  has  taken  into  partnership  William 
L.  Rickard,  with  offices  at  100  Broadway.  New  York.  They  will  continue  to 
devote  themselves  to  technical  pubhcity,  the  partnership  being  under  the  name 
of  Ray  D.  LilUbridge. 

B.  D.  Lockwood,  Mem.Am.Soc.M.E.,  formerly  Mechanical  Engineer  of  the 
Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway,  at  Indianapolis,  Ind.,  has 
resigned  to  accept  a'position  as  Assistant  Chief  Engineer  of  the  Pressed  Steel  Car 
Company. 

Daniel  M.  Luehrs,  Jun.Am.Soc.M.E.,  presented  a  paper  on  the  Ventilation  of 
Steamships  before  the  Toledo  Society  of  Engineers,  May  14. 

H.  J.  Macintire,  Jun.Am.Soc.M.E.,  formerly  with  the  National  Lead  Company 
of  Brooklyn,  has  resigned  to  take  a  position  with  the  engineering  department 
of  Harvard  University,  attached  to  the  instructing  staff. 

James  H.  MacLauchlan,  Mem.Am.Soc.M.E.,  Engineer  of  the  American  Cement 
Engineering  Company,  Hudson,  N.  Y.,  has  been  transferred  to  the  Yorktown,  Va., 
office  of  the  company. 

James  D.  Macpherson,  Mem.Am.Soc.M.E.,  has  become  Chief  Engineer  for  Adol- 
phus  Busch,  purchaser  of  the  American  Diesel  Engine  Company,  St.  Louis,  Mo. 
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Mr.  Macpherson  was  formerly  Assistant  Chief  Engineer  of  the  American  Diesel 
Engine  Company,  New  York. 

Geo.  B.  Massey,  2d,  Jun.Am.Soc.M.E.,  is  author  of  Modern  Gold  Dredging, 
published  in  the  August  number  of  Cassier's  Magazine. 

Dr.  Richard  Moldenke,  Mem.Am.Soc.M.E.,  Secretary  of  the  American  Foundry- 
men's  Association,  sailed  in  the  middle  of  August,  to  attend  the  Copenhagen 
congress  of  the  International  Society  for  Testing  Materials,  and  will  go  to  Ger- 
many and  France  on  professional  business.  He  expects  to  return  near  the  middle 
of  October. 

Chas.  L.  Newcomb,  Jr.,  Assoc.Am.Soc.M.E.,  formerly  located  at  San  Francisco, 
Cal.,  has  entered  the  service  of  the  Deane  Steam  Pump  Company,  Holyoke, 
Mass. 

E.  W.  Nicklin,  Assoc.Am.Soc.M.E.,  has  accepted  a  position  with  the  Diamond 
Power  Specialty  Company,  Detroit,  Mich.  He  was  formerly  Mechanical  Engineer 
of  the  Smith  Engineering  Company,  Detroit,  Mich. 

Millard  P.  Osbourn,  Jun.Am.Soc.M.E.,  formerly  Mechanical  Engineer  with 
Warren  Webster  &  Co.,  Camden,  N.  J.,  has  opened  an  office  under  the  name  of 
Osbourn  &  Robinson,  in  the  Pennsylvania  Building,  Philadelphia,  Pa.,  where 
the  firm  will  conduct  a  general  business  of  supplying  power  plant  equipment. 

George  A.  Orrok,  Mem.Am.Soc.M.E.,  is  the  author  of  Development  of  the  Sur- 
face Condenser,  which  appeared  in  the  June  1  issue  of  Power  and  the  Engineer. 

Dwight  T.  Randall,  Mem.Am.Soc.M.E.,  late  engineer-in-charge  of  fuel  tests> 
Technologic  Branch,  United  States  Geological  Survey,  has  associated  himself 
with  the  Arthur  D.  Little  Laboratory  of  Engineering  Chemistry  of  Boston,  in 
charge  of  the  department  of  fuel  engineering. 

An  article  on  Modern  Power-Station  Design,  by  H.  de  B.  Parsons,  Mem.Am. 
Soc.M.E.,  was  published  in  the  August  issue  of  Cassier's  Magazine. 

A  biographical  sketch  of  Prof.  Charles  B.  Richards,  Mem.Am.Soc.M.E.,  was 
published  in  the  June  number  of  Cassier's  Magazine. 

M.  E.  Rupp,  Jun.Am.Soc.M.E.,  will  be  located  at  Gatun,  Canal  Zone,  in  charge 
of  erecting  the  steel  and  wooden  forms  for  the  Gatun  Locks.  He  was  formerly 
Computer-Estimator,  Isthmian  Canal  Commission. 

Geo.  H.  Shenberger,  Jun.Am.Soc.M.E.,  has  accepted  a  position  with  the  Cast 
Thread  Fitting  and  Foundry  Co.,  Seneca  Falls,  N.  Y.,  as  Mechanical  Engineer. 
He  was  formerly  Draftsman  with  the  Lehigh  Coal  and  Navigation  Co.,  Lansford, 
Pa. 

Foster  C.  Slade,  Assoc.Am.Soc.M.E.,  formerly  with  Westinghouse,  Church, 
Kerr,  &  Co.,  New  York,  is  now  General  Manager  and  Gas  Engineer  of  the  Willi- 
mantic  Gas  and  Electric  Light  Company,  Willimantic,  Conn. 

Ernest  L.  Smith,  Jun.Am.Soc.M.E.,  has  been  made  Sales  Manager  of  the  Grant- 
Lees  Machine  Company  of  Cleveland,  O.  He  was  until  recently  Western  Rep- 
resentative of  the  Standard  Roller  Bearing  Company  of  Philadelphia. 
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Carl  A.  Strom,  Mem.Am.Soc.M.E.,  Mechanical  Engineer  of  the  steam  shovel 
and  dredge  department  of  the  American  Locomotive  Company,  Richmond,  Va., 
has  been  made  Manager  of  the  Rogers  Works  of  the  company  at  Paterson,  N.  J. 

J.  F.  Taddiken,  Jr.,  Jun.Am.Soc.M.E.,  has  been  transferred  from  the  Grand 
Island,  Neb.,  to  the  Chino,  Cal.,  office  of  the  American  Beet  Sugar  Company. 

Wm.  Threlfall,  Mem.Am.Soc.M.E.,  has  resigned  his  position  of  General  Manager 
of  the  Chapman  Valve  Co.,  Springfield,  Mass. 

Fred.  E.  Town,  Mem.Am.Soc.M.E.,  has  become  Manager  of  the  Otis  Elevator 
Company,  Pittsburg,  Pa. 

H.  H.  Vaughan,  Mem.Am.Soc.M.E.,  has  been  elected  President  of  the  American 
Railway  Master  Mechanics'  Association. 

F.  H.  Vose,  Jun.Am.Soc.M.E.,  formerly  assistant  professor  of  mechanical 
engineering  in  Washington  University,  St.  Louis,  Mo.,  has  resigned  to  give  similar 
instruction  in  the  Case  School  of  Applied  Science. 

George  L.  Wall,  Mem.Am.Soc.M.E.,  Mechanical  Engineer  of  the  Lima  Loco- 
motive and  Machine  Co.,  Lima,  O.,  has  assumed  the  duties  of  Assistant  General 
Manager. 

S.  S.  Webber,  Mem.Am.Soc.M.E.,  contributed  an  article  on  A  High-Speed  Corliss 
Engine,  to  the  August  issue  of  Cassier's  Magazine. 

Wm.  H.  Winterrowd,  Jun.Am.Soc.M.E.,  formerly  Roundhouse  Foreman,  L.  E.  A. 
&  W.  Ry.,  Alliance,  O.,  has  accepted  a  similar  position  with  the  Lake  Shore  and 
Michigan  Southern  Railway  Co.,  Youngstown,  O. 

Edwin  Yawger,  Assoc.Am.Soc.M.E.,  presented  a  paper  on  the  Leblanc  Conden- 
ser before  the  June  23-25  convention  of  the  Association  of  Iron  and  Steel  Electrical 
Engineers. 
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Preliminary  Report  of  the  Committee  on  Society  History 

Chapter  X 

continued  growth  of  the  society 

244  Following  upon  the  World's  Fair  of  1893,  and  perhaps 
largely  because  of  it,  the  Society  experienced  a  period  of  great  activity 
and  progress.  The  business  depression  gradually  passed  away,  and 
with  the  commercial  revival  the  membership  of  the  Society  increased, 
and  the  extent  to  which  its  members  were  engaged  in  the  develop- 
ment of  the  country  is  reflected  in  the  Society's  activities  as  repre- 
sented in  its  Transactions. 

245  The  reelection  of  Eckley  B.  Coxe  as  President  for  the  year 
1894  retained  in  the  chair  a  man  already  experienced  in  the  work  of 
the  Society,  while  the  general  interest  of  the  leading  members  gave 
added  impetus  to  the  efforts  of  the  administration. 

246  Following  the  custom,  now  become  general,  of  basing  his 
presidential  address  upon  the  department  of  engineering  work  with 
which  he  had  been  most  closely  identified,  Mr.  Coxe  presented  what 
proved  to  be  a  most  valuable  discussion  of  the  possibilities  of  small 
sizes  of  anthracite  coal  for  the  generation  of  steam.  A  special  interest 
attaches  to  this  address  at  the  present  time  (1909)  because  it  has  been 
assumed  in  many  quarters  that  the  realization  of  waste  in  the  use  of 
the  great  natural  resource  of  coal  is  a  very  recent  idea,  whereas,  prior 
to  Mr.  Coxe's  work  in  this  direction,  which  began  in  1890,  the  waste 
of  anthracite  coal  was  very  fully  appreciated.     Mr.  Coxe  himself 

Under  the  direction  of  the  Council  the  Committee  on  Society  History  has 
arranged  to  present  the  results  of  its  investigations  to  the  members  of  the  Society. 

The  Preliminary  Report  will  appear  in  The  Journal  of  the  Society  from 
month  to  month,  and  thus  enable  the  matter  to  be  open  to  comment  during  its 
completion.  It  is  especially  desired  that  any  member  who  may  be  in  the  posses- 
sion of  facts  or  information  bearing  upon  the  various  points  as  they  are  thus  made 
public  will  communicate  with  the  committee,  in  order  that  the  final  and  completed 
report  may  have  the  advantage  of  the  collaboration  of  the  membership  at  large. 
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served  upon  ii  commission  which  reported  to  the  State  of  Pennsyl- 
vania in  1893,  and  the  situation  as  it  was  then  presented  convinced 
him  that  what  has  later  been  called  "conservation"  was  a  matter 
in  which  he  as  a  coal  operator  was  deeply  interested.  A  quotation 
from  Mr.  Coxe's  address  will  show  very  briefly  the  situation  as  it  was 
presented  to  him: 

247  "When  I  first  remember  the  anthracite  coal  business,  all  the 
sizes  below  stove  coal  were  considered  of  little  or  no  value.  Chestnut 
coal  was  used  to  a  greater  or  less  extent  about  the  collieries  for  making 
steam,  but  much  of  it  was  thrown  away.  It  gradually  became  a 
domestic  fuel,  and  pea  coal  took  its  place  for  generating  steam.  This 
size  is  gradually  coming  into  use  (1893)  for  domestic  purposes,  and 
buckwheat  coal  is  taking  its  place  for  steam.  Two  smaller  sizes, 
known  as  rice  and  barley,  are  already  being  used  to  a  large  extent  for 
the  same  purpose.  The  value,  or  cost,  of  these  coals  diminishes  very 
rapidly  with  the  size." 

248  It  was  to  increasing  the  value,  considered  as  a  steam  fuel, 
without  materially  increasing  the  cost  of  these  small  sizes,  that  Mr. 
Coxe  devoted  much  time  and  effort,  and  his  address  may  well  be 
examined  by  those  who  have  been  led  to  believe  that  the  engineer 
needed  to  be  encouraged  to  minimize  waste  in  the  use  of  coal. 

249  Increased  efficiency  in  the  generation  and  use  of  power  as 
well  as  in  the  conduct  of  machine-shop  operations  formed  topics 
toward  which  many  members  of  the  Society  were  directing  their 
attention,  and  the  Transactions  of  1894  contain  some  important 
papers  on  these  subjects.  Thus,  at  the  New  York  Meeting  of  1893, 
papers  on  steam  economy  predominated,  these  including  contribu- 
tions by  Professors  Aldrich,  Carpenter  and  Jacobus  on  the  team 
indicator,  by  Professor  Carpenter  on  water-hammer  in  steam  pipes, 
and  by  Mr.  Pike  on  the  influence  of  steam  piping  on  the  efficiency  of 
steam  plants.  At  this  meeting  Professor  Thurston  presented  an 
important  paper  reviewing  the  contemporary  economy  of  the  steam 
engine,  based  upon  the  high  performance  of  the  Milwaukee  pumping 
engine,  and  showing  that  a  thermal  efficiency  of  more  than  19  per 
cent  had  been  attained.  Another  paper  of  importance  and  of  far- 
reaching  influence  presented  at  this  meeting  was  that  of  F.  W. 
Taylor,  containing  notes  upon  the  actual  behavior  of  belting  in  the 
machine  shop,  this  paper  having  a  direct  bearing  upon  the  methods 
afterwards  so  extensively  undertaken  to  increase  the  output  of 
machine  tools  by  the  introduction  of  the  heavy  cuts  and  feeds  possible 
with  high-speed  steels. 
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250  The  close  of  the  year  1893  was  marked  by  the  first  break  in  the 
ranks  of  the  distinguished  men  who  had  served  as  president  of  the 
Society,  George  H.  Babcock  passing  away  on  December  16.  A  man  of 
broad  professional  culture,  with  many  activities  in  the  field  of  mechani- 
cal engineering,  he  will  doubtless  be  best  remembered  for  his  part  in  the 
development  of  the  water-tube  boiler  devised  by  himself  and  his  life- 
long associate,  Stephen  Wilcox. 

251  The  summer  meeting  of  the  year  1894,  held  from  June  5  to 
9,  was  the  first  convention  of  the  Society  to  be  held  beyond  the  limits 
of  the  United  States,  the  meetings  occurring  in  the  city  of  Montreal, 
Canada.  Here  the  Society  received  a  hearty  welcome  from  the  official 
representatives  of  the  city  government,  the  Canadian  Societv  of  Civil 
Engineers,  and  the  governors  and  faculty  of  the  McGill  University. 
Among  the  entertainments  especially  noteworthy  at  this  meeting  may 
be  mentioned  the  reception  at  the  residence  of  the  Chancellor  of 
McGill  University,  Sir  Donald  A.  Smith,  afterwards  Lord  Strathcona; 
and  the  garden  party  held  at  the  Government  House,  Ottawa,  by 
Lord  Aberdeen,  Governor  General  of  the  Province. 

252  The  second  address  of  Eckley  B.  Coxe,  delivered  in  the  hall 
of  McGill  University,  was  very  appropriately  devoted  to  the  subject 
of  technical  education,  emphasizing  the  importance  of  the  combina- 
tion of  technical  and  business  training  as  essential  to  success  in 
the  engineering  profession.  The  trend  of  the  papers  at  the  Montreal 
meeting  again  showed  the  attention  which  was  being  given  to  steam 
engineering.  The  discussions  included  papers  on  the  steam  jacket, 
the  influence  of  compression  on  engine  performance,  the  cylinder 
proportions  of  compound  engines,  and  steam  distribution.  Papers 
on  the  cost  of  power,  engine  tests  and  engine  details,  showed  the  extent 
to  which  the  principal  prime  mover  occupied  the  thoughts  of  the 
members,  and  the  activity  of  the  discussions  testified  to  the  interest 
which  the  papers  created. 

253  The  annual  meeting  of  1894,  held  as  usual  in  the  house  of  the 
Society  in  New  York,  contained,  in  its  business  discussions,  some 
matters  of  much  interest.  During  the  winter  of  1894,  a  series  of 
monthly  meetings  had  been  held  for  the  discussion  of  technical  subjects, 
these  meetings  having  taken  place  at  the  house  of  the  Society,  and 
the  expenses  being  defrayed  by  subscription  of  the  members  interested, 

254  An  active  discussion  took  place  at  this  annual  meeting  as  to 
the  advisability  of  making  such  meetings  a  part  of  the  regular  work 
of  the  Society,  the  principal  feature  of  the  discussion  being  the  desir- 
ability of  avoiding  the  creation  of  an  impression  that  the  New  York 
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ineinl)ers  were  receiving  .special  advuntages  over  distant  members  of 
the  Society. 

255  The  result  of  the  discussion  was  tlie  adoption  of  a  plan  for  the 
continuance  of  the  meetings,  but  after  a  time  these  monthly  gather- 
ings were  abandoned  without  any  special  action  of  the  Society  to  that 
effect  l)eing  taken. 

256  A  report  of  the  committee  on  standard  gauges  for  the  thick- 
ness of  \\ii'e  and  metal,  presented  a  progress  report  advocating  the 
use  of  a  s}'stem  l)ased  upon  the  actual  thicknesses  in  the  decimal 
system,  as  opposed  to  the  older  arbitrary  numbering  gage  systems. 

257  It  is  interesting  to  note  that  at  this  meeting  it  was  reported 
that  of  the  $32,000  issue  of  bonds  disposed  of  by  the  Society  in  con- 
nection with  the  purchase  of  the  house  at  No.  12  West  Thirty-first 
St.,  New  York,  $19,000  worth  had  been  acquired  ])y  the  Society,  by 
purchase,  by  surrender  in  exchange  for  life  memberships,  and  by  gift 
and  bequest. 

258  It  has  been  noted,  in  commenting  upon  the  papers  presented 
at  the  various  meetings,  that  certain  departments  of  engineering 
work  appeared  to  predominate  at  certain  periods  of  time.  At  the 
annual  meeting  of  1894  the  principal  technical  subject  seemed  to 
be  that  of  the  materials  of  construction,  both  as  regards  the  resistances 
to  various  kinds  of  stresses,  and  as  to  the  nature  of  those  stresses. 
Among  the  more  important  of  these  papers  may  be  mentioned  the 
monograph  of  W.  J.  Keep  upon  tests  of  cast  iron,  this  having  been 
prepared  for  the  Committee  on  Uniform  Methods  of  Testing  Materials, 
and  being  the  first  of  the  notal)le  contributions  of  Mr.  Keep  to  this 
subject.  Other  papers  relating  to  the  strength  of  materials  include 
those  of  Professor  Lanza,  ta!)ulating  the  results  of  tests  made  at  the 
Massachusetts  Institute  of  Technology  upon  full-sized  spruce  columns, 
by  L.  S.  Randolph  on  the  strength  of  railway  car  axles,  and  by  G.  M. 
Sinclair  on  steel  forgings.  At  this  meeting  M.  P.  Wood  presented  the 
second  of  his  extensive  papers  on  rustless  coatings  for  iron  and  steel, 
continuing  the  discussion  commenced  at  the  Montreal  meeting.  Other 
related  papers  treated  of  the  proportions  of  springs,  of  I'ail  pressure 
of  locomotive  driving  wheels,  and  the  stresses  in  the  rims  of  pulleys 
and  flywheels.  At  this  meeting  the  election  of  E.  F.  C.  Davis  as 
President  of  the  Societv  was  announced. 


THE  HIGH-PRESSURE  FIRE-SERVICE  PUMPS  OF 
MANHATTAN  BOROUGH,  CITY  OF  NEW  YORK 

DESCRIPTION  OF  PUMPS  AND   PUMPING  SYSTEM    WITH   RESULTS 

OF   TESTS 

By  Prof.  R.  C.  Carpenter,  Ithaca,  N.  Y. 
Member  of  the  Society 

The  object  of  this  })aper  is  to  present  a  concise  description  of  the 
high-pressure  pumping  system  installed  for  fire  service  in  the  city  of 
New  York  and  the  results  of  a  test  of  the  pumping  machinery. 

2  The  system  protects  the  district  extending  north  from  City  Hall 
to  Twenty-fifth  Street,  and  east,  approximately,  from  the  North 
River  to  Second  Avenue.  It  comprises  about  55  miles  of  extra  heavy 
cast-iron  main,  from  12-in.  to  24-in.  in  diameter,  with  8-in.  hydrant 
branches;  and  two  pumping  stations  so  located  that  they  never  can 
be  in  the  center  of  a  conflagration.  At  the  present  time  the  pumping 
stations  have  a  combined  caj^acity  of  over  30,000  gal.  per  min. 
delivered  at  a  pressure  exceeding  300  lb.  per  sq.  in. 

THE   SOURCE  OF  WATER  SUPPLY 

3  The  supply  of  water  is  ordinarily  obtained  from  the  water 
mains  of  the  city,  which  deliver  Croton  water  to  the  stations  at  a 
pressure  of  from  14  lb.  to  40  lb.  per  sq.  in.,  depending  upon  the 
demand  for  water  in  that  district.  Both  of  the  pumping  stations  are 
located  close  to  tidal  water  and  connections  are  made  so  that  sea 
water  can  be  obtained  in  case  of  difficulty  with  the  Croton  supply. 

4  The  advantage  of  the  Croton  water  over  salt  water  is  that  it  is 
less  likely  to  injure  goods,  and  as  the  amount  required  for  fire  purposes 
is  only  a  small  percentage  of  that  consumed  for  the  daily  supply  of  the 
city  its  use  for  fire  protection  makes  no  material  difference  from 
financial  or  insurance  standpoints.  As  this  is  a  matter  of  consider- 
able importance  data  upon  the  quantity  needed  are  given  in  the  next 
paragraph. 

To  be  presented  at  a  meeting  of  The  American  Society  of  Mechanical  Engineers. 
All  papers  are  subject  to  revision. 


840  HIGH-PRESSURE   FIRE-SERVICE   PUMPS 

WATER  REQUIRED  FOR  FIRE  PURPOSES 

5  The  general  impression  that  an  enormous  quantity  of  water  is 
required  for  fire  purposes  is  erroneous  as  shown  by  figures  furnished 
to  chief  engineer  I.  M.  de  Varona  by  the  fire  department  for  the 
Boroughs  of  Manhattan  and  Brooklyn,  years  1900, 1901, 1902,  1903  and 
1904.  These  give  the  average  quantity  of  water  used  for  fire  protec- 
tion during  these  years  in  the  Borough  of  Manhattan  as  74,010,803  gal. 
per  year,  of  which  31,056,928  gal.  was  river  water.  The  daily  aver- 
age use  of  Croton  water,  therefore,  for  the  above  five  years  was  117,- 
000  gal. 

6  For  the  Borough  of  Brooklyn  the  average  for  five  years  was 
43,705,568  gal.  of  which  19,010,928  gal.  was  river  water;  daily  aver- 
age, 67,000  gal. 

7  During  these  five  years  the  greatest  quantity  used  in  the 
Borough  of  Manhattan  was  99,000,000  gal.  in  1901,  which  included 
69,500,000  gal.  of  river  water,  leaving  29,500,000  gal.  for  fresh  water, 
and  Mr.  de  Varona  states  (Report  of  the  Department  of  Water 
Supply,  Gas  and  Electricity):  "Even  if  this  quantity  be  made  100, 
000,000  gal.  per  year,  by  comparing  it  with  the  average  daily  con- 
sumption of  about  300,000,000  gal.  it  will  be  seen  that  the  total 
amount  used  for  fire  purposes  would  be  only  about  one-third  of  the 
amount  used  for  all  purposes  in  24  hr.,  forming,  therefore,  an  insignifi- 
cant percentage  of  the  total  consumption.  The  quantity  needed  for 
fire  purposes  (one-tenth  of  one  per  cent)  may  therefore  be  entirely 
neglected  as  a  factor  in  determining  the  water  supply  of  the  city. 

8  "The  capacity  of  each  of  the  pumping  stations  will  be  for  the 
present  15,000  gal.  per  min.  or  43,000  gal.  per  day  for  the  two  sta- 
tions. By  the  installation  of  three  additional  units  in  each  station, 
for  which  provision  is  made,  this  capacity  can  be  increased  in  round 
numbers  to  69,000,000  gal.  per  day. 

9  "The  two  stations,  with  the  motors  and  pumps  as  installed, 
have  a  total  capacity  in  excess  of  that  of  all  the  fire  engines  in  the 
Boroughs  of  Manhattan,  the  Bronx  and  Brooklyn  working  under 
normal  conditions.  This  comparison  assumes  the  engines  to  work 
on  one  line  of  2|-in.  hose,  say  500  ft.  long,  under  a  pressure  of,  say 
200  lb.,  and  with  the  capacities  as  printed  in  the  official  blank  forms 
of  the  reports  of  the  fire  department.  It  should  furthermore  be 
remembered  that  provision  is  made  for  the  installation  of  still  another 
pumping  station." 
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MOTIVE    POWER 

10  The  power  for  driving  the  pumps  is  transmitted  electrically 
from  several  of  the  electric  power  and  lighting  systems  located  on 
Manhattan  Island.  As  the  stations  of  systems  are  widely  separateil 
and  any  or  all  of  them  are  available  for  motive  power  the  system  of 
electric  transmission  was  considered  more  reliable  in  the  case  of  a 
large  and  general  conflagration  than  power  plants  maintained  directly 
at  the  pumping  stations.  Each  station  is  provided  with  two  inde- 
pendent sets  of  transmission  lines  located  as  far  as  possible  beyond 
danger  or  injury  in  case  of  a  great  conflagration. 

11  The  cost  of  erecting  and  maintaining  an  independent  power 
plant  would  have  entailed  a  greater  annual  charge  than  the  cost  of 
the  electric  current;  consequently  the  present  arrangement  is  advan- 
tageous from  a  financial  standpoint, 

12  In  addition  to  the  charge  per  kilowatt  for  the  current  delivered 
there  is  a  charge  aggregating  S90,000  per  year  for  reserving  the  first 
right  of  use  for  the  necessary  generating  machinery  for  this  purpose. 
The  total  cost  of  maintenance  of  the  system  is  estimated  at  S170,000 
a  year,  which  amount  it  is  believed  will  be  saved  many  times  over  by 
a  reduction  in  insurance  premiums  now  paid  in  the  protected  district. 

13  The  electric  current  is  supplied  at  a  pressure  of  6600  volts 
from  the  following  stations  of  the  New  York  Edison  Company,  hav- 
ing the  capacity  indicated:  53  Duane  Street,  7600  kw. ;  115  East  12th 
Street,  1700  kw.;  45  West  26th  Street,  400  kw.;  140th  Street  and 
Ryder  Ave.,  4000  kw.;  Waterside  Station  No.  1  and  No.  2,  196,700 
kw.  In  addition  there  are  feeders  extending  to  the  Brooklyn  Edison 
Company  stations  which  can  be  called  on  in  case  of  an  emergency 
demand. 

14  The  pumping  stations  are  connected  to  18  sub-stations, 
equipped  with  rotary  converters  and  storage  batteries,  aggregating 
a  capacity  of  124,000  ampere  hours  at  135  volts,  an  enormous  reserve. 

15  Each  station  is  connected  with  the  main  stations  of  the  Edison 
Company  by  two  250,000  cm.  three-phase  cables  laid  in  ducts,  and 
two  independent  reserve  feeders  extend  to  the  sub-station  system 
of  the  Edison  Company.  With  all  these  precautions,  interruption 
of  the  power  supply  would  seem  a  physical  impossibility. 

THE  DISTRIBUTION  SYSTEM 

16  The  following  information  upon  the  distribution  system  is  taken 
largely  from  the  department  report  of  Chief  Engineer  de  Varona 
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Fig.    1       Showing    Location  of    Stations  and  Areas  Covered  by    High- 
Pressure  Pumping   System 

THE    AREA    INDICATED    IS    SERVED    BY    A    SYSTEM    OP    MAINS    RANGING    FROM  24  IN.  lO   12  IN.  IN 
DIAMETER    WITH    8-IN.   HYDRANT   CONNECTIONS 
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for  1905.  Fig.  1  shows  the  system  to  he  hounded  Ijy  nuiins  laid  on 
the  north  through  Twenty-third  Street;  on  the  east,  through  Broad- 
way to  Fourteenth  Street,  through  Fourteenth  Street  to  Third 
A^•enue,  down  Third  Avenue  to  the  Bowery,  down  the  Bowery  to 
Chambers  Street;  through  Chambers  Street  on  the  south  to  West 
Sti-eot;  and  on  the  west  through  West  Street. 

17  The  area  actually  protected  is  considerably  .greater  than  this 
as  hose  can  be  extended  over  a  zone  600  ft.  wide  l)eyond  the  limits 
of  the  mains. 

IS  Tliis  district  was  selected  as  that  in  which  the  fire  losses  were 
the  greatest  and  which  most  urgently  needed  fire  protection.  Plans 
have  been  prepared  for  the  extension  of  the  system  southerly  to  the 
Battery,  easterly  as  far  as  the  East  Biver,  and,  if  necessary,  northerly 
as  far  as  Fifty-ninth  Street,  by  the  simple  extension  of  the  mains 
and  probably  the  erection  of  a  third  pumping  station. 

19  The  pipes,  castings  and  hydrants  were  tested  at  a  pressure  of 
450  lb.  The  specified  allowance  for  leakage  in  a  10-min.  test  was 
at  the  rate  of  4  gal.  in  24  hr.  for  each  lineal  foot  of  pipe  joint,  equiva- 
lent to  a  leakage  of  487,000  gal.  for  the  whole  system  in  24  hr.,  which  is 
somewhat  over  one  per  cent  of  the  total  specified  pumping  capacity  now 
installed.  The  actual  leakage  on  test  was  at  the  rate  of  264,000  gal. 
per  day  or  about  six-tenths  of  one  per  cent  of  the  pumping  capacity. 
Considering  the  difficulties  of  construction  and  the  high  pressure  the 
results  attained  were  remarkable  and  i-eflect  great  credit  on  the 
engineer  in    charge. 

20  There  are  sufficient  hydrants  so  that  if  a  block  were  on  fire  60 
streams  of  500  gal.  per  min.  each,  or  the  full  capacity  of  both  stations, 
could  be  concentrated  on  a  Ijlock  with  a  length  of  hose  not  exceeding 
400  ft.  to  500  ft.,  assuming  the  use  of  3-in.  hose  and  l^-in.  nozzles. 

21  The  layout  of  the  mains  at  the  stations  both  for  suction  and 
delivery  is  on  the  loop  system;  that  is,  the  supply  can  be  taken  from 
either  one  of  two  mains,  and  the  discharge  is  through  either  one  or 
both  of  two  mains.  With  this  system  even  the  breakdowai  of  one 
of  the  dischai'ge  mains  at  the  station  would  only  slightly  reduce  the 
pressure  at  the  fire  and  would  not  affect  the  capacity  of  the  station, 
as  the  pumps  would  be  capalile  of  forcing  their  full  discharge  through 
the  short  length  of  a  single  24-in.  main  made  necessary  by  such  an 
accident. 

22  The  mains  are  of  cast-iron,  bell  and  spigot  pipe,  of  the  thick- 
nesses given  in  the  following  table: 
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Unit  Tensile  Strain 


Size  of  Pipe 

Thickness 

with  300  lb. 

pres- 

Inches 

Inches 

sure 

Fact( 

3r  of  Safety 

24 

n 

1920 

0.4 

20 

u 

2000 

10.0 

16 

li 

19.0 

10.4 

12 

1 

1800 

11.1 

8* 

i 

1371 

14.6 

*  Used  only  for  hydrant  branches 


SUPPLY  PIPING 


23  At  the  South  Street  Station  the  fresh  water  supply  is  derived 
from  two  30-in.  lines,  one  connected  at  Chestnut  Street  to  the  36-in. 
line  on  Madison  Street,  and  the  other  connected  at  Pike  Street  to 
the  36-in.  line  on  Division  Street.  These  two  main  feeders,  to  which 
the  two  30-in,  lines  are  connected,  increase  to  4S  in.  in  diameter  and 
extend  independently  and  directly  to  the  Central  Park  Reservoir  and 
are  also  reinforced  by  connections  with  the  main  feeders  in  this  sec- 
tion of  the  city. 

24  An  auxiliary  salt-water  supply,  consisting  of  two  36-in.  pipes 
about  140  ft.  long,  brings  the  salt  water  from  the  East  River  to  a 
suction  chamber  located  directly  in  front  of  the  pumping  station. 
This  suction  is  so  constructed  that  the  pipes  are  always  below  mean 
low  water,  thus  insuring  a  supply  at  all  times  and  avoiding  the  possi- 
bility of  a  break  in  the  suction  caused  by  air  getting  into  the  suction 
lines.  On  the  river  end  of  this  suction  there  are  constructed  heavy 
bulkhead  screens  and  in  the  suction  chamber  are  two  sets  of  bronze 
screens  which  are  readily  accessible  for  cleaning.  From  the  suction 
chamber  there  are  taken  two  30-in.  flanged  mains  to  the  duplicate 
set  of  mains  in  the  pumping  station  proper.  The  vacuum  in  these 
30-in.  pipes  is  maintained  by  automatic  electric  vacuum  pumps 
located  on  the  pump  room  floor  of  the  station. 

25  At  the  Gansevoort  Street  Station  the  fresh-water  supply  is 
derived  from  two  30-in.  mains,  one  connected  at  Twelfth  Street  to 
the  48-in.  line  on  Fifth  Avenue,  which  runs  direct  to  Central  Park 
Reservoir,  and  the  other  connected  to  the  36-in.  line  on  Ninth  Ave- 
nue at  little  West  12th  Street,  which  increases  to  a  48-in.  line  and  runs 
also  direct  to  the  Central  Park  Reservoir.  These  two  main  feeders, 
in  addition  to  having  their  supplies  direct  from  Central  Park  Reser- 
voir, are  also  i-einforced  by  connections  with  the  main  feeders  in  this 
section  of  the  city. 
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26  The  salt-water  suction  lines  for  this  station  are  practically 
identical  with  those  for  the  South  Street  Station  except  that  the 
36-in.  lines  from  the  North  River  to  the  station  are  650  ft.  long. 

PUMPING    STATIONS 

27  The  two  stations,  known  as  the  Gansevoort  pumping  station, 
located  near  Gansevoort  Market  on  the  North  River,  and  the  South 
Street  station,  located  on  the  corner  of  Oliver  and  South  Streets  near 
the  East  River,  are  identical  in  construction  and  equipment.  The 
buildings  are  of  simple  design,  of  steel  fire-proof  construction,  with 
concrete  foundations.  The  Gansevoort  Street  building,  which  is 
typical  of  both,  is  one  story  high  with  basement,  63  ft.  8  in.  by  97  ft. 
4  in.     Each  station  is  lai-ge  enough  for  eight  pumping  units. 

MACHINERY 

28  There  are  now  five  units  in  each  station  consisting  of  Allis- 
Chalmers  five-stage  centrifugal  pumps  driven  by  AUis-Chalmers 
induction  motors  and  the  necessary  auxiliary  machinery.  The 
motors  and  pumps  are  alike  and  their  parts  are  interchangeable. 

29  The  pumps  each  have  a  specified  capacity  of  3000  gal.  per  min. 
of  sea-water,  working  with  a  suction  lift  of  20  ft.  and  a  delivery 
pressure  of  300  lb.  per  sq.  in.  The  actual  capacity  as  indicated  by  a 
24-hr.  test  was  about  30  per  cent  in  excess  of  that  specified.  The 
original  specifications  contemplated  the  use  of  six-stage  pumps,  with 
the  expectation  that  sea-water  would  be  used  at  each  fire.  Because  of 
the  facts  already  referred  to  (Par.  4),  that  the  relative  amount  of  water 
required  for  fire  purposes  is  insignificant  and  that  sea-water  may  do 
considerably  more  damage  to  goods  than  fresh  water,  a  change  in  the 
specifications  was  agreed  to  whereby  the  pumps  should  work  at  best 
efficiency  when  receiving  water  from  the  Croton  mains  at  a  pressure 
on  the  intake  side  varying  from  15  lb.  to  40  lb.  per  sq.  in. 

30  To  meet  this  new  condition  the  pumps  were  all  built  with  five 
stages.  All  the  sea  connections  and  priming  machinery  as  originally 
contemplated  were  installed,  so  that  sea-water  can  be  pumped  into 
the  mains  whenever  desired.  The  effect  of  the  change  is  merely  to 
reduce  the  pressure  head  slightly  in  case  sea-water  is  used. 

ARRANGEMENT   OF   MACHINERY 

31  The  floor-plans  of  the  buildings  and  genei-al  layout  of  machin- 
ery, piping,  switchboards,  etc.,  are  shown  in  Fig  2.     As  will  be  seen 
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Fig.  2     Tlan  and  Elevations  Showing  Arrangement  of  Hydraulic  and 
Electrical  Apparatus  in  Pumping  Stations 


HIGH-PRESSURE    FIRE-SERVICE    PUMPS 


847 


space  is  provided  for  three  additional  units.  Working  detail  plans  of 
the  machinery  were  furnished  by  the  contractor.  The  arrangement 
shown  in  Fig.  2  is  the  same  for  both  stations,  the  only  difference  being 
that  the  switchboard  and  office  in  the  South  Street  station  are  on 
different  sides  of  the  building  as  compared  with  the  Gansevoort 
station. 

32  The  motors  and  pumps,  with  suction  and  delivery  branches, 
are  located  on  the  main  floor  of  the  pump  room.  The  switchboard 
and  switchboard  apparatus  are  placed  in  an  enclosed  two-story  and 
basement  gallerv. 


Fig.  3     Interior  View  of  Station 


33  The  four  high-tension  feeders  and  all  other  wires  entering  the 
building  are  brought  in  through  the  galloy  basement.  All  terminal 
work  on  the  entering  wires  is  located  in  the  basement.  On  the  first 
floor  of  the  gallery,  which  is  approximately  on  the  same  level  as  the 
pump-room  floor,  are  placed  the  oil  switches,  with  their  controUing 
and  protective  devices,  fire-proof  cells  and  compartments. 

34  The  operating  switchboard  is  conveniently  located  in  the 
enclosing  wall  of  the  gallery,  and  is  so  placed  as  to  allow  a  man 
standing  on  the  pump-room  floor  to  perform  all  the  operations  neces- 
sary for  controlling  the  apparatus  in  the  station.     The  bus  bars, 
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with  their  fireproof  compartments,  are  placed  on  the  second  floor  of 
the  gallery. 

MOTORS  FOR  CENTRIFUGAL  PUMPS 

35  Each  pump  is  direct-connected  to  its  motor  by  a  flexible 
coupling  which  takes  care  of  any  variation  from  alignment.  The 
motors  are  of  the  constant-speed  induction  type,  3-phase,  25-cycle, 
6300- volt  to  6600- volt,  designed  to  operate  at  about  740  r.p.m.  The 
motors  are  of  the  wound  rotor  type,  and  in  starting  an  iron  grid 
resistance  is  connected  in  the  secondary  circuit  and  gradually  cut 
out  by  means  of  a  [handwheel  on  the  motor  switchboard  panel. 
When  the  resistance  is  all  cut  out  the  rotor  is  automatically  short 
circuited  and  operated  by  specially  constiucted  solenoids  which  are 
operated  by  a  small  switch  mounted  directly  on  the  shaft  of  the 
handwheel  above  referred  to.  An  interlocking  arrangement  prevents 
the  operator  from  closing  the  switch  connecting  the  motor  to  the  line 
while  the  motor  is  short-circuited. 

36  The  specifications  required  the  motors  to  have  sufficient 
starting  torque  to  attain  full  speed  between  30  sec.  and  45  sec.  after 
starting,  with  a  current  not  exceeding  150  per  cent  of  that  used  when 
the'^m^ol'  is  working  under  full  speed.  Each  motor  was  required  to 
develop  not  less  than  800  b.h.p.  when  using  current  of  6300  volts, 
25  cycles,  and  under  these  conditions  to  have  an  efficiency  not  less 
than  92  per  cent,  a  power  factor  not  less  than  93  per  cent,  and  a 
motor  slip  not  in  excess  of  2  per  cent.  At  three-quarters  load  the 
efficiency  was  not  to  be  less  than  92  per  cent  and  the  slip  not  to  exceed 
1.5  per  cent.  It  was  specified  that  the  temperature  of  the  motors 
should  not  rise  more  than  40  per  cent  on  a  24-hr.  test  at  full  load, 
when  measured  by  a  thermometer,  the  air  in  the  room  being  25  deg. 
cent. 

37  Prof.  Geo.  F.  Sever  of  Columbia  University  tested  two  of  the 
motors  in  the  shops  of  the  contractor  and  found  them  to  meet  the 
specifications  and  to  have  a  full-load  efficiency  of  93.2  per  cent.  The 
other  motors  were  inspected  and  found  to  be  alike  and  were  assumed 
to  have  the  same  efficiency.  The  motors  were  also  tested  for  tempera- 
ture rise  at  the  time  of  the  official  test  to  be  described  later. 

MOTORS   FOR   AUXILIARIES 

38  Direct-current  motors  of  240  volts  are  provided  to  operate  the 
various  gate  valves  in  the  station  and  the  piston  pumps  employed  for 
maintaining  a  vacuum  on  the  salt-water  suction  lines. 
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PUMPS 

39  As  previously  stated  the  pumps  were  finally  constructed  with 
five  stages,  each  to  give  a  pressure  of  somewhat  over  60  lb.  per  sq. 
in.,  maldng  the  combined  pressure  of  the  five  stages  about  300  lb. 
per  sq.  in.  above  the  intake  pressure,  which  is  the  maximum  working 
pressure  of  the  stations  at  normal  speed  of  740  r.p.m.  This  type  of 
pump  is  the  simplest  now  on  the  market  for  pumping  water  either 
against  a  high  head  or  low  head,  and  this  simplicity  was  the  deciding 
factor  which  led  to  the  selection  of  this  style  of  machinery. 

40  The  pumps  are  water-balanced  by  a  piston  connected  to  the 
last  impeller  and  upon  which  the  water  pressure  acts,  but  should 
any  additional  end-thrust  occur,  it  would  be  taken  up  by  the  ball 
l)earing  provided  in  the  outboard  bearing.  This  ball  bearing  consists 
of  two  rings  of  1^-in,  diameter  steel  balls  and  is  water-cooled.  The 
balancing  piston  is  fitted  very  loosely  in  order  to  keep  the  friction 
losses  small,  and  as  a  result  a  considerable  amount  of  water  leaks  past 
it  into  a  chamber  at  the  end  of  the  pump,  which  is  provided  with  a 
discharge  pipe  and  valve  leading  into  the  suction.  By  adjusting 
the  valve  in  this  pipe  the  difference  of  pressures  on  the  piston  can  be 
regulated  as  desired.  The  bearings  are  of  the  ring-oiled  type  and  are 
separated  from  the  pump  casing  by  packing  glands  which  prevent 
foreign  matter  from  entering  the  bearings.  The  impellers  are  of 
bronze  and  the  shaft  of  forged  steel.  All  parts  of  the  runners  and 
diffusion  vanes  are  thoroughly  lubricated  by  oil  cups  on  the  base  of 
the  pumps,  shown  in  Fig.  4.  A  feature  is  the  wide  base  which  allows 
the  pump  barrel  to  set  low,  giving  stability. 

41  Each  combined  unit  is  equipped  with  automatic  and  hand 
control.  The  pumps  are  kept  primed  for  instant  service  and  the 
simple  operation  of  a  switch  on  the  main  switchboard  starts  the 
machine  and  gives  full  pressure  in  about  30  sec. 

PRESSURE   REGULATING    VALVES 

42  A  combined  regulating  and  relief  valve  is  interposed  between 
the  discharge  pipe  and  the  suction  pipe  of  each  pump,  and  set  to  regu- 
late the  discharge  of  each  pump  to  any  predetermined  pressure. 
When  the  volume  of  the  water  discharged  by  the  pump  is  in  excess 
of  that  forced  into  the  system,  this  valve  acts  as  a  relief  valve  and 
by-passes  this  excess  into  the  suction  to  the  pump,  the  pressure  on 
the  main  distribution  system  remaining  at  the  predetermined  point. 
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When  no  water  is  forced  into  the  distribution  system  all  of  the  water 
discharged  from  the  pump  is  then  by-passed  into  the  suction. 

43  The  pressure-reguhiting  valves  were  made  by  the  Ross  Valve 
Mfg.  Co.,  of  Troy,  N.  Y.,  and  much  of  the  practical  success  of  the 
station  has  been  due  to  the  accuracy  with  which  they  maintain  any 
desired  pressure.  The  construction  of  these  valves  at  this  particu- 
lar time  cannot,  however,  ])e  given  with  fairness  to  the  manufacturers. 


Fig.  4       Multistage  Pump,  Capacity  3000  Gal.  per  Min.;   Maximum  Head, 

300  LB.  PER  Sq.  In. 


PRIMING    APPARATUS    FOR    SALT-WATER    SUCTION    LINES 

45  The  priming  apparatus  in  each  station  consists  of  three  motor- 
driven  vacuum  pumps,  each  arranged  to  maintain  automatically  a 
vacuum  of  26  in.  in  the  suction  lines.  These  pumps  are  of  the  piston 
single-action  ty])e,  one  having  a  displacement  capacity  of  300  cu.  ft. 
per  min.  Un-  a  piston  speed  of  200  ft.  per  min.  and  each  of  the  others 
a  displacement  capacity  of  50  cu.  ft.  with  a  piston  speed  of  160  ft. 
per  min. 

46  An  air-collecting  chaml)er  is  connected  to  each  of  the  salt- 
water suction  lines  and  equipped  with  water-gage  glass  and  vacuum 
gage.  The  air-suction  piping  between  the  air  chambers  and  the  air 
pumps  is  provided  with  a  vertical  loop  sufficiently  high  to  prevent 
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water  l^eing  carried  over  to  the  pumps.     The  air  pumps  are  inter- 
connected to  each  air  chamber. 

VENTURI   METERS 

47  Venturi  meters  for  measuring  the  discharge  of  water  from  the 
station  and  from  one  main  to  the  other  were  set  by  the  contractor  on 
each  discharge  main  and  on  the  cross-connecting  main.  The  meters 
of  the  discharge  main  are  24  in.  in  diameter  and  on  the  cross-over 
main  12  in.  in  diameter.  These  meters  were  standarized  under  the 
direction  of  F.  N.  Connet,  chief  engineer  of  the  Builders  Iron  Foundry, 
Providence,  R.  I.,  and  were  provided  with  dial-indicating  gages  and 
also  chart-recorders  graduated  to  indicate  the  flow  in  gallons  per 
minute;  and  in  addition  with  an  integrating  meter  which  registers 
the  total  flow  in  gallons. 

48  The  readings  during  the  test  were  taken  by  a  mercury  mano- 
meter, graduated  to  show  the  capacity  in  thousands  of  gallons  per 
minute.  For  this  purpose  a  Venturi  manometer  was  attached  with  a 
temporary  connection  to  each  of  the  24-in.  Venturi  tubes.  The 
manometer  gave  essentially  the  same  reading  as  the  indicating  dial 
on  the  main  register. 

49  The  Venturi  manometer  is  practically  a  tube  partly  filled  with 
mercury,  one  side  of  which  communicates  with  the  upstream  pressure 
chamber  of  the  meter  tube,  while  the  other  communicates  with  the 
throat-pressure  chamber.  The  connections  with  the  manometer 
are  indicated  in  the  diagram.  Fig.  6. 

50  The  sketch  shows  a  24-in.  high-pressure  meter  tube,  its  register- 
indicator-recorder  and  manometer.  The  instruments  and  meter  tube 
are  drawn  to  scale,  but  in  the  pumping  station  the  meter  tube  is  about 
75  ft.  distant  from  the  instruments. 

TESTS   OF   MACHINERY 

51  The  specifications  for  the  pumping  system  provided  for  an 
endurance  test  of  each  motor  and  pump  lasting  24  hr.  without  stop, 
during  which  time  the  capacity  and  efficiency  of  the  pumps  and 
motors  was  to  be  determined.  The  tests  were  to  be  in  charge  of  an 
expert  appointed  by  the  commission. 

52  The  specifications  provided  for  making  the  test  with  sea  water, 
but  this  was  later  changed  to  a  test  with  Croton  water  under  the  con- 
ditions of  actual  use.  In  view  of  this  change  the  contractor  increased 
the  efficiency  guarantee  from  70  to  71  per  cent. 
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53  The  original  specifications  called  for  a  capacity  of  3000  gal.  of 
sea  water  per  minute  against  a  discharge  pressure  of  300  lb.  per  sq. 
in.  and  a  suction  lift  not  exceeding  20  ft.  The  total  increment  of 
pressure  is  equivalent  to  308.66  lb.  from  the  intake  to  the  delivery 
side.  The  Croton  pressure  varies  at  the  stations  in  different  parts 
of  the  day  from  about  40  lb.  to  13  lb.  per  sq.  in.  and  is  affected  by  the 
amount  of  water  Ijeing  drawn  fi-om  the  mains.  Consequently,  to 
meet  the  requirements,  the  delivery  pressure  would  need  to  be 
308.66  lb.  in  excess  of  the  intake  pressure.  There  is  also  a  further 
correction  from  the  fact  that  sea  water  is  heavier  than  fresh  water 
and  this  correction  under  maximum  conditions  might  amount  to  2.5 
per  cent. 

54  The  specifications  furthei-  provided  that  the  l)rake  horse- 
power developed  by  the  motors  under  test  should  l)e  computed  from 
the  electrical  energy  supplied  to  them,  corrected  for  the  efficiency 
of  the  motors  as  determined  by  the  test.  They  further  provided  that 
if  the  aggregate  of  all  stops  exceeded  one  hour  for  any  motor  the  test 
for  capacity  for  such  motor  was  to  be  run  over  again  for  a  ])eriod 
of  24  hr. 

55  The  specifications  also  provided  that  the  pumping  capacity  of 
the  apparatus  and  the  efficiency  of  the  pumps  should  be  based  on 
the  minimum  rate  of  pumping  during  any  eight  consecutive  hours  of 
the  endiu'ance  test,  during  which  none  of  the  motors  were  stopped. 

56  The  discharge  of  the  pumps  was  determined  by  the  reading 
of  the  \'enturi  meters,  one  of  which  was  located  in  each  discharge 
line.  These  readings  were  under  the  direction  of  F.  N.  Connet,  and 
were  checked  by  ol^sei'vers  representing  tiie  contractors  and  also  the 
city. 

57  The  modified  specifications  also  required  that  the  efficiency  of 
each  pump  should  be  not  less  than  70  per  cent  and  its  capacity  not 
less  than  3000  gal.  of  sea  water  when  lifted  to  a  pressure  equivalent 
to  308.66  lb.  To  determine  whether  the  requirement  was  met,  a 
separate  test  of  each  pump  was  required. 

58  The  efficiency  of  the  pumps  was  computed  by  dividing  the 
horse-power  output  of  the  pumps  by  the  horse-power  input  as 
received  from  the  motors.  The  horse-power  input  was  computed 
as  follows: 

,         .  total  watts  ^^     rr  ■  c        +  ■      /no  o  +^ 

li.p.  mput   =s:    — ^ X   efnciencv  of  motors  (93.2  per  cent). 
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The  horse-power  c)u1i)ut  was  coniputecl  as  follows: 
h.p.  output 

_  wt.  per  gal.  (8.34  X  2.31  head  in  pounds  X  no.  of  gal.  per  min. 
'  33,000 

OLIVER   STATION  TEST 

59  The  test  of  the  South  Street  Station  was  begun  at  12:30  p.m. 
on  September  2,  190S,  after  about  2  hr.  of  preliminary  running  for 
the  purjiose  of  adjusting  the  delivery  pressure;  it  was  continued  with- 
out intei-ruption  for  24  hr.  With  the  exception  of  a  short  stop  of 
motor  No.  2  which  was  shut  down  from  2:11  to  2:41  a.m.,  September 
3,  to  remed}'  a  slight  defect  in  the  insulation  of  the  field  coils  no  pump 
was  stopped.  Duiing  the  time  No.  2  was  stopped  the  pressure  on  the 
delivery  mains  fell  to  about  300  lb.;  during  the  remainder  of  the  test 
tlie  pressure  was  maintained  at  or  above  the  contract  requirement, 
as  will  be  noted  by  consulting  the  last  column  of  Table  1. 

60  The  avei'age  results  for  ea(di  hour  for  the  24-hr.  test  of  all  four 
motors  are  given  in  Taljle  2.  It  will  l)e  noted  that  the  delivery  every 
hour  was  largely  in  excess  of  the  contract  requirement  of  15,000  gal. 
The  smallest  delivery  for  eight  consecutive  hours  occurred  at  the 
last  part  of  the  test,  when  the  average  capacity,  as  shown  by  the 
readings,  was  18,447  gal.  per  min.,  and  the  average  efficiency  was 
72.2  pel'  cent.  During  this  time  the  average  pressure  pumjjed  against 
was  314.5  lb.,  or  an  excess  of  about  6  lb.  over  contract  requirement. 

61  It  will  be  noted  from  the  last  column  of  Table  2  that  there  is 
considerable  variation  in  the  efficiency;  that  during  the  first  hour  the 
efficiency  was  less  than  70  per  cent,  whereas  during  the  third,  fourth 
and  fifth  hours  the  efficiency  exceeded  75  per  cent.  This  variation 
in  efficienc}'  w^as  doubtless  cau.sed  by  variation  in  the  amount  of  water 
by-passed  from  the  pressure  to  the  suction  side  of  the  pump  over  the 
balanced  piston  and  through  the  bearings,  and  jiossibly  during  the 
first  hour  by  the  discharge  of  some  w^ater  through  the  relief  valve 
which  was  pumped  but  not  metered.  The  valves  for  regulating  the 
diffei'ential  pressure  on  the  balance  pistons  were  nearly  closed  during 
the  third,  fourth  and  fifth  hours  of  the  South  Street  Station  test,  but 
were  opened  the  normal  amount  for  the  remaining  portion  of  the 
test.  The  amount  of  water  which  may  leak  for  maximum  difference 
of  pressure  around  the  balance  piston  of  any  pump  without  passing 
through  the  meter  could  not  be  accurately  determined  but  was  esti- 
mated to  be  in  excess  of  4  per  cent.  Hence  it  appears  that  slight 
changes  in  the  opening  of  the  valve  controlling  the  differences  of  pres- 
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sure  at  this  piston  must  materially  affect  the  efficiency.  The  normal 
opening  of  this  valve  appears  to  correspond  to  an  efficiency  of  about 
72.5  per  cent. 

62  During  the  test  of  the  South  Street  Station  all  the  bearings 
ran  cool  with  the  exception  of  those  on  No.  6  pump,  which  heated"  up 
during  the  third  and  fourth  hours  but  were  brought  to  a  normal  con- 
dition without  stopping  the  pump  or  reducing  its  load  hy  the  appli- 
cation of  lubricants  and  cooling  water. 


TABLE   1     HOURLY  AVERAGE  OF  READINGS  OF  DISCHARGE  AND  INJECTION 

GAGES  ON  PUMPS' 


South  Street  Pumping  Station 

,  September  2  and 

3,  1908 

Hour 

Pump  No.  6 

Pump  No.  4 

Pump  No.  2    Pump  No.  1 

1 

Pump  No.  3 

Average 

Net 
Pres- 

sure 

Disc. 

Inj. 

Disc. 

Inj. 

Disc. 

Inj. 

Disc. 

Inj. 

Disc. 

Inj. 

Disc. 

Inj. 

Lb. 

12:30-  1:15 

335.0 

21.8 

332.3 

22.6 

329.8 

22.5 

331.0 

24.0 

332.9 

23.3 

332.2 

22.8 

309.4 

1:30-  2:15   347.2 

20.9 

347.0 

22.2 

345.5 

22.1 

343.8 

22.6 

346.2 

22.1 

345.9 

22.0 

323.0 

2:30-  3:15   345.020.9 

343.8 

21.8 

342.8 

22.1   341.0 

22.5 

343.4 

21.8 

343.2 

21.8 

321.4 

3:30-  4:00  344.2 

20.9 

343.8 

21.9 

340.3 

22.3 

339.8 

22.6 

342.2 

21.9 

342.1 

21.9 

320.2 

4:30-  5:00|  341.7 

21.1 

341.8 

21.9 

340.8 

22.6 

339.3 

23.1 

342.2 

22.4 

341.2 

22.2 

319.0 

5:30-  6:00   336.2 

22.4 

336.3 

22.9 

335.3 

23.8 

333.3 

25.3 

335.7 

23.6 

335.4 

23.6 

311.8 

6:30-  7:00   337.2 

24.4 

336.8 

24.9 

334.8 

25.3 

333.8 

26.3 

335.7 

24.9 

335.7 

25.2 

310.5 

7:30-  8:00;  339.7 

25.1 

337.8 

25.9 

335.8 

26.61  334.8 

27.3 

337.7 

25.9 

337.2 

26.2 

311.0 

8:30-  9:00    341.2 

26.6 

339.3 

26.9 

338.3 

27.3   337.3 

28.8 

338.7 

27.1 

339.0 

27.3 

311.7 

9:30-10:00   344.7 

27.6 

342.8 

27.9 

341.8 

28.6   343.3 

29.3 

344.7 

27.9 

343.5 

28.3 

315.2 

10:30-11:00,  342.2 

28.9 

341.3 

29.1 

340.3 

29.3   340.8 

30.8 

342.7 

29.6 

341.5 

29.5 

312.0 

11:30-12:00   343.7i30.4 

344.3 

29.9 

343.3 

30.3   342.3 

32.1 

343.7 

30.6 

343.5 

30.7 

312.8 

12:30-  1:00   345.730.6 

347.3 

30.1 

347.3 

30.8   345.8 

32.6 

347.9 

31.4 

346.8 

31.1 

315.7 

1:30-  2:15   334.030.9 

334.5 

30.6 

* 

332.6 

33.1 

333.9 

31.4 

333.7 

31.5 

302.2 

2:30-  3:00   332.4 

31.1 

331.0 

30.9 

330.8 

32.8 

332.2 

31.6 

331.6 

31.6 

300.0 

3:30-  4:00  349.2 

31.4 

348.3 

31.1 

346.3 

31.6   347.3 

33.3 

349.2 

31.6 

348.1 

31.8 

316.3 

4:30-  5:00   347.2 

31.1 

346.8 

30.9 

346.3 

31.3    345.8 

32.8 

349.4 

31.4 

347.1 

31.5 

315.6 

5:30-  6:00   346.7 

28.6 

346.3 

28.4 

345.3 

29.3;  345.3 

30.6 

348.2 

29.4 

346.4 

29.3 

317.1 

6:30-  7:00   342.2 

27.6 

342.3 

25.4 

340.3 

26.1   340.3 

27.1 

341.2 

26.1 

341.3 

26.5 

314.8 

7:30-  8:00   332.7 

21.6 

332.3 

22.1 

330.3 

22.6   329.3 

24.1 

331.2 

22.6 

331.2 

22.6 

308.6 

8:30-  9:00  332.7 

20.9 

i  332.3 

21.4 

331.3 

22.1   329.3 

22.6 

331.2 

21.6 

331.4 

21.7 

309.7 

9:30-10:00  331.7 

20.6 

332.3 

20.9 

328.8 

21.8'  328.3 

22.8 

331.2 

22.1 

330.5 

21.6 

308.9 

10:30-11:00'  334.2^21.4 

336.8 

21.6 

332.8 

22.3   331.8 

23.3 

336.2 

22.4 

334.4 

22.2 

312.2 

11:30-12:30  336.021.9 

338.0 

21.9 

333.6 

22.6  334.0 

23.8 

337.7 

22.6 

335.9 

22.6 

313.3 

1  Readings  corrected  for  error,  and  to  center  of  pumps. 

*  Pump  No.  2  shut  down  from  2:11  to  2:41  accotmt  of  motor. 

63  It  will  be  noted  from  Table  2  that  the  average  results  of  the 
24-hr.  test  of  the  South  Street  Station  exceeded  the  contract  require- 
ments in  capacity,  pressure  head  and  efficiency. 

64  The  horsepower  delivered  by  the  motors  during  the  test  aver- 
aged for  the  24  hr.  about  920  or  about  15  per  cent  above  rating,  with- 
out excessive  heating. 
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65  Immediately  after  the  close  of  the  endurance  test  of  24  hours, 
a  short  test  was  run  on  each  motor  separately,  which  was  continued 
long  enough  after  uniform  results  were  shown  to  obtain  12  to  15 
readings.  This  test  was  run  for  the  purpose  of  ascertaining  whether 
there  were  deficiencies  in  any  of  the  individual  motors,  and  to  meet  the 

TABLE  2     COMPUTATION  OF  PUMP  EFFICIENCIES 
South  Street  Pumping  Station,  September  2  and  3,  1908 


Total  h.p. 

Net 

pressure 

lb. 

Hour 
Beginning 

ii.p.m. 

Total  kw. 
per    hr. 

from 
motors 

Gal.  per 
rain. 

h.p. 
delivered 

1  EflBciency 
per  cent 

(input) 

12:30  p.m. 

3875 

4841.4 

18334 

309.4 

3311.6 

68.6 

1:30 

757.0 

3851 

4811.4 

18634 

323.9 

3523.6 

73.2 

2:30 

755.0 

3829 

4784.0 

19217 

321.4 

3605.7 

75.4 

3:30 

3819 

4771.5 

19220 

320.2 

3592.8 

75.3 

4:30 

755.0 

3811 

4761.5 

19145 

319.0 

3565.4 

75.0 

5:30 

3837 

4794.0 

18995 

311.8 

3457.6 

72.1 

6:30 

755.0 

3818 

4770.3 

18970 

310.5 

3438.7 

72.2 

7:30 

755.0 

3815 

4767.5 

18980 

311.0 

3446.0 

72.3 

8:30 

757.0 

3863 

4826.4 

19020 

311.7 

3461.1 

71.6 

9:30 

756.0 

3868 

4830.2 

19120 

315.2 

3518.3 

72.8 

10:30 

757.0 

3873 

4838.9 

19095 

312.0 

3478.1 

72.1 

11:30 

756.5 

3859 

4821.4 

19120 

312.8 

3491.6 

72.4 

12:30  a.m. 

757.0 

3870 

4835.2 

19175 

315.7 

3534.1 

73.0 

1:30 

756.5 

3672 

4587.8 

18790 

302.0 

3315.0 

72.5 

2:30 

757.0 

3667 

4581.6 

18776 

300.0 

3288.4 

,       71.5 

3:30 

757.0 

3890 

4860.2 

19190 

316.3 

3543.5 

72.8 

4:30 

757.5 

3891 

4861.4 

19160 

315.6 

3530.2 

72.6 

5:30 

754.7 

3861 

4823.9 

19110 

317.1 

3337.7 

73.2 

6:30 

757.0 

3865 

4828.9 

19005 

314.8 

3492.7 

72.4 

7:30 

754.7 

3706 

4630.4 

18710 

308.6 

3370.8 

73.0 

8:30 

745.6 

3659 

4571.5 

18100 

309.7 

3272.5 

71.5 

9:30 

745.6 

3651 

4536.5 

17890 

308.9 

3226.2 

71.. "S 

10:30 

745.0 

3619 

4521.6 

17795 

312.2 

3243.4 

71.8 

11:30 

747.0 

3618 

4519.1 

17806 

313.3 

3256.8 

71.8 

1 

Average 

756.1 

72.5 

Average  efficiency,  1st  period  of  8  hr.  =  73 . 0  per  cent. 
Average  efficiency  2nd  period  of  8  hr.  =  72.3  per  cent. 
Average  efficiency  3rd  period  of  8  hr.  =   72.5  percent. 

No.  of  cycles  per  sec.  12:30  p.m.  to  6:30  a.m.  =  25.5 
No.  of  cycles  per  sec.    6:30  a.m.  to  12:30  p.m.   =   25.0 


requirements  specified  in  the  printed  specifications  for  the  work,  viz : 
that  each  pump  should  be  free  from  defects,  should  have  a  capacity 
of  3,000  gal.  per  min.  and  an  efficiency  not  less^than_70  per  cent. 
The  results  of  this  test  showed  that  the  individual  pumps  operated 
singly  had  an  efficiency  from  4  per  cent  to  6  per  cent  in  excess  of 
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the  average  when  operated  together,  and  that  the  capacity  for  the 
specified  discharge  pressure  was  considerably  in  excess  of  the  require- 
ment of  the  specification.  It  is,  I  believe,  generally  the  case  that 
individual  centrifugal  pumps  delivering  water  into  a  main  singly 
show  a  greater  efficiency  by  frojn  4  per  cent  to  6  per  cent  than  the 
same  pumps  delivering  together  into  a  single  main,  due  probably  to 
less  loss  in  eddy  currents  and  friction  head,  etc. 

TABLE  3     HOURLY  AVERAGE    OF  READINGS    OF  DISCHARGE  AND   INJECTION 

GAGES  ON   PUMPS 
Gansevoort  Stheet  Pumping  Station,  September  5  and  6,  1908 


Pump 
No.  6 

Pump 

SJo.  4    Pump 

No.  2  'Pump  No.  1 

Pump 

No.  3 

Average 

Nef 

Hour 

1 

Pres- 
sure 

1 

Lb. 

Disc. 

Inj: 

Disc. 

Inj.     Disc. 

Inj. 

Disc. 

Inj. 

Disc. 

Inj. 

Disc. 

Inj. 

9:45-10:30 

342.4 

24.7 

342'.  6 

25.6   344.8 

24.9 

346.9 

25.2 

345.1 

25.3 

338.4 

25.1 

319.3 

10:45-11:30 

347.4 

24.7 

347.1 

25.7   345.4 

25.2 

348.4 

25.4 

346.4 

25.2 

346.9 

25.2 

321.7 

11:45-12:15 

348.9 

24.9 

348.9 

26.2    347.9 

25.7 

349.4 

25.9 

347.9 

25.9 

348.6 

25.7 

322.9 

12:45-   1:15 

351.4 

25.7 

350.9 

27.7    350.1 

26.7 

352.4 

26.9 

350.4 

26.9 

351.0 

26.8 

324.2 

1:45-  2:15 

352.4 

25.7 

352.4 

27.4   350.9 

26.7 

353.4 

26.7 

351.4 

26.9 

352 . 1 

26.7 

325.4 

2:45-  3:15 

352.9 

25.7 

352.9 

27.7:  351.4 

26.9 

354.9 

27.2 

351.4 

27.2 

352.7 

26.9 

325.8 

3:45-  4:15 

353.9 

26.4 

353.9 

28. 2|  353.4 

27.7 

355.4 

27.4 

353.4 

27.9 

354.0 

27.5 

326.5 

4:45-  5:15 

354.4 

26.9 

354.4 

28.7:  353.4 

27.9!  355.fi 

28.2 

353.4 

28.7 

354.3 

28.1 

326.2 

5:45-  6:15 

§49.9 

27.4 

349.9 

29.7    350.4 

28. 7J  351.9 

28.9 

350.9 

29.2 

350.6 

28.8 

321.8 

6:45-  7:15 

349.9 

28.4 

348.9 

30.2    349.4 

29.2 

351.4 

29.2 

349.4 

29.4 

349.8 

29.3 

320.5 

7:45-  8:15 

351.9 

28.9 

350.9 

30.7    350.4 

29.7 

352.4 

29.2 

349.9 

29.9 

351.1 

29.7 

321.4 

8:45-  9:15 

351.9 

29.7 

351.9 

30. 9|  350.6 

29.7 

353.4 

29.9 

350.9 

30.7 

351.7 

30.2 

321.5 

9:45-10:15 

352.4 

29.7 

354.4 

30.9    351.4 

30.2 

353.4 

30.4 

352.9 

30.9 

352.  < 

30.4 

322.5 

10:45-11:15 

354.4 

30.4 

353.9 

31.2    353.4 

30.2 

354.9 

30.9 

353.4 

31.2 

354.0 

30.8 

323 . 2 

11:45-12:15 

354.4 

31.2 

353.4 

31.7:  352.9 

31.2 

353.9 

31.7 

352.9 

31.2 

3,53.5 

31.4 

322 .  1 

12:45-  1:15 

353.9 

31.2 

352.4 

31.7    352.9 

31.2 

354.9 

31.7 

353.4 

31.2 

353.5 

31.4 

322 . 1 

1:45-  2:15 

352.4 

31.2 

351.9 

32.2    352.9 

31.2    354.4 

31.9 

353.4 

31.2 

353.0 

31.5 

321.5 

2:45-  3:15 

350.4 

31.7 

349.4 

32.2:  349.4 

31.41  351.9 

32.2 

350.4 

31.7 

350.3 

31.8 

318.5 

3:45-  4:15 

350.9 

32.2 

350.4 

32.7   348.9 

31.21  351.4 

32.7 

348.4 

31.4 

350.0 

32.0 

318.0 

4:45-  5:15 

350.9 

31.9 

350.4 

32.4:  350.4 

31.2 

352.9 

32.2 

349.9 

31.2 

350.9 

31.8 

319.1 

5:45-  6:15 

352.4 

31.2 

351.9 

32.2^  352.4 

30.7 

353.4 

31.7 

351.9 

31.4 

352.4 

31.4 

321.0 

6:45-  7:15 

350.9 

29.9 

349.9 

31.2    349.4 

29.9 

351.9 

30.7 

349.4 

30.9 

350.3 

30.5 

319.8 

7:45-  8:15 

349.4 

28.7 

349.4 

29.7   347.4 

29.4 

349.9 

29.2 

347.9 

29.4 

348.8 

29.3 

319.5 

8:46-  9:45 

348.1 

27.4 

347.7 

28.91  346.4 

28.0 

348.4 

28.0 

346.4 

28.5 

347.4 

28.2 

319.2 

Readings  corrected  for  error  of  gage  and  to  center  of  pumps. 
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66  The  endurance  test  of  the  Gansevoort  station  with  all  the 
pumps  in  operation  was  begun  at  9:45  a.m.,  September  5,  after  the 
pumps  had  been  operated  for  about  20  min.  giving  uniform  results. 
The  test  was  continued  for  24  hr.     The  method  of  testing  and  the 
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TABLE  4    COMPUTATION  OF  PUMP  EFFICIENCIES 
Gansevoort  Stheet  Pumping  Station,  Septembek  5  and  6,  1908 


1 

Total  h.p. 

Net 

pressure 

lb. 

Hour 
Beginning 

h.p.m. 

Total  kw. 

per  hr. 

from 
motors 

Gal.    per 

inin. 

h.p. 
delivered 

Efficiency 
per  cent 

(input) 

9:45  a.m. 

740 

3671 

4586.5 

17107 

319.3 

3188.9 

69.5 

10:45 

749 

3589 

4484.2 

17310 

321.7 

3251.0 

72.5 

11:45 

750 

3591 

4486 . 7 

17290 

322.9 

3259.3 

72.9 

12:45 

752 

3591 

4486 . 7 

17280 

324.2 

3270.5 

72.9 

1:45  p.m. 

752 

3604 

4502.9 

17285 

325.4 

3283.6 

72.9 

2:45 

753 

3604 

4502.9 

17315 

325.8 

3293 . 3 

73.3 

3:45 

753 

3630 

4535.3 

17345 

326.5 

3306.1 

72.9 

4:45 

753 

3685 

4604.0 

17670 

326.2 

.3365.0 

73 . 1 

5:45 

756 

3696 

4617.9 

17855 

321.8 

3354.4 

72.6 

6:45 

756 

3661 

4574.0 

17825 

320.5 

3335.2 

73.4 

7:45 

754 

3676 

4592.9 

17775 

321.4 

3335.2 

73.3 

8:45 

753 

3685 

4604.0 

17755 

321.5 

3332.5 

72.8 

9:45 

755 

3657 

4569.0 

17720 

322.5 

3336.2 

72.9 

10:45 

755 

3693 

4614.2 

17755 

323.2 

.3350.1 

72.7 

11:45 

756 

3704 

4627.9 

17830 

322.1 

3352.8 

72.6 

12:45 11. m. 

756 

3753 

4689.0 

18195 

322.1 

3421.4 

73.0 

1:45 

756 

3760 

4697.8 

18310 

321.5 

3436.6 

73.3 

2:45 

756 

3735 

4665.5 

18315 

318.5 

3405.5 

73.0 

3:45 

755 

3725 

4654.0 

18290 

318.0 

3395.5 

73.0 

4:45 

756 

3743  ■ 

4677.6 

18315 

319.1 

3411.9 

73.0 

5:45 

756 

3784 

4727.9 

18330 

321.0 

3435.0 

72.7 

6:45 

755 

3747 

4681.6 

18315 

319.8 

3419.4 

73.0 

7:45 

755 

3723 

4656.5 

18255 

319.5 

3405.0 

73.1 

8:45 

Average 

1 

755 
753.6 

3722 

4655.3 

18189 

319.2 

3389.5 

i 

72.8 
72.9 

Average  efficiency,  1st  period  of  8  hr.  =  72 . 9  per  cent. 
Average  efficiency,  2d  period  of  8  hr.  =  73 . 0  per  cent. 
Average  efficiency,  3d  period  of  8  hr.  =   72.9  percent. 

No.  of  cycles  per  sec.  9:45  a.m.  to  2:45  p.m.  =  25.00 
No.  of  cycles  per  sec.  2.45  p.m.  to  4.45  p.m.  =  25.25 
No.  of  cycles  per  sec.  4:45  p.m.  to  6:45  p.m.  =  25.50 
No.  of  cycles  per  sec.  6:45  p.m.  to  7:45  p.m.  =  25.00 
No.  of  cycles  per  sec.  7:45 p.m.  to  9:45  p.m.  =  25.25 
No.  of  cycles  per  sec.  9:45  p.m.  to  9:45  a.m.   =   25.50 


various  observers  were  the  same  as  described  in  reference  to  the  South 
Street  Station. 

67  For  the  Gansevoort  station  the  efficiency  average  for  24  hr. 
was  72.9  per  cent,  with  a  variation  (excepting  the  first  hour)  of  less 
than  one-half  of  1  per  cent.  It  fell  below  70  per  cent  during  the  first 
hour,  which  was  due  to  the  opening  of  an  automatic  relief  valve  on 
pump  No.  2,  which  discharged  some  of  the  water  into  the  suction 
before  it  had  been  metered.     For  that  reason  the  efficiency  during  the 
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first  hour  has  not  been  considered  in  determining  the  performance 
of  the  pumps. 

68  The  least  capacity  during  the  eight  consecutive  hours  when 
all  the  water  pumped  passed  through  the  meters  occurs  from  10.45 
a.m.  to  6.45  p.m.  The  average  capacity  during  this  time  is  17,419 
gal.  or  about  16.5  per  cent  above  that  guaranteed.     The  average  net 
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Net  Pressure  on  Pump  Lb.  per  Sq.  In. 


Fig.  7    Characteristic  Curves  of  the  Pump  for  Varying 
Discharge-Pressures 

pressure  in  pounds  is  324.3  which  is  nearly  16  lb.  in  excess  of  the  con- 
tract requirements.  The  average  efficiency  for  the  period  above  i^ 
72.90  per  cent,  which  is  nearly  2  per  cent  in  excess  of  the  efficiency 
guaranteed. 

69  The  average  capacity  for  the  entire  test  is  17,867  gal.  whicli 
was  obtained  with  an  average  speed  of  753.6  r.p.m. 

70  Immediately  after  the  completion  of  the  endurance  test  of  24 
hours'  duration,  each  pump  was  tested  when  operating  alone  for  a 
period  sufficiently  long  to  obtain  12  to  15  readings  after  they  had 
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become  practically  uniform.  These  tests  gave  in  every  case  an 
efficiency  several  per  cent  greater  than  that  obtained  when  the  pumps 
were  all  discharging  into  the  same  main. 

CONCLUSIONS 

71  It  appears  from  the  endurance  test  in  each  station  that  the 
capacity,  efficiency  and  pressure  exceeded  the  contract  requirements 
by  a  large  margin,  and  that  during  the  endurance  test  no  mechanical 
or  electrical  defects  were  observed.  During  the  test  of  the  South 
Street  Station  one  of  the  pumps  was  stopped  for  half  an  hour  to 
repair  the  motor  insulation,  while  during  the  test  of  the  Gansevoort 
Station  no  stop  of  any  kind  was  made.  The  bearings  in  both  stations 
were  in  perfect  condition  at  the  end  of  the  test  and  the  temperature 
of  the  motors  not  sufficiently  high  to  interfere  with  the  continuous 
operation  for  a  longer  period.  Apparently  the  endurance  test  could 
have  been  continued  indefinitely  without  injuriously  overworking 
or  overloading  the  pumps  and  motors. 

72  The  specifications  call  for  pumping  sea  water,  which  most 
authorities  consider  to  be  approximately  2.5  per  cent  heavier  than 
fresh  water.  The  effect  of  substituting  sea  water  for  fresh  water 
would,  for  the  same  horse-power  delivered  by  the  motor,  have  been 
to  reduce  the  capacity  of  the  pump  by  about  2J  per  cent  without 
sensibly  affecting  the  efiiciency.  Because  of  the  large  capacity  over 
contract  requirements  shown  by  each  pump,  this  amount  does  not 
materially  affect  the  results. 

RESULTS    OF    TESTS 

73  The  data  and  results  of  the  tests  at  the  two  stations  are  given 
concisely  in  the  following  tables.  The  efficiency  is  given  as  computed 
for  each  hour,  and  shows  a  slight  variation  which  probably  can  be 
accounted  for  by  changes  in  the  amount  of  water  leaking  past  the 
balancing  piston.  The  individual  pump  test  at  the  South  Street 
Station  shows  a  variation  in  efficiency  70  per  cent  to  77  per  cent  and 
at  the  Gansevoort  Station  from  76  per  cent  to  79  per  cent.  This 
variation  may  have  been  due  to  the  structure  of  the  pumps  but  in 
my  opinion  is  more  probably  due  to  variable  leakage  past  the  bal- 
ancing piston  or  through  the  relief  valves. 

74  Pump  No.  6  at  the  Gansevoort  Station  was  tested  with  vary- 
ing openings  of  the  valve  in  the  discharge  pipe.  The  results  are 
shown  in  Table  No.  6  and  also  in  Fig.  7. 
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TABLE  5     TEST  OF  INDIVIDUAL  PUMPS 
OnvfiH  AND  South  Street  Station,  September  3,  1908 


Time 

No.  of 
pump 

Gal.   per 
min. 

Pressure 
delivery 

Lb.   per 

SQ.  IN. 

h.p. 
output 

Efficiency 

Inj. 

Net 

of  pump 

12:58-  1:14 

1 

3372 

344.4 

29.3 

315.1 

620 

74.6 

1:22-  1:37 

2 

3809 

336.0 

27.9 

308.1 

683 

,70.1 

1:43-  1:58 

3 

3495 

334.0 

28.7 

305.3 

623 

73.2 

2:03-  2:18 

4 

3705 

334.5 

27.8 

306.7 

662 

76.0 

2:24-  2:38 

6 

3740.7 

344.5 

28.8 

315.7 

689 

77.0 

Immediately  following  the  24-hr.  test  for  capacity. 

TABLE  6      TEST  OF  INDIVIDUAL  PUMPS 
Gansevooht  and  West  Street  Stations,  September  6,  1908 


Time 

No.  of 
pump 

Elect. 

h.p. 

input 

Gal.  per 

min.  Hg. 

Col. 

Pressure 
delivery 

Lb.  per 
inj. 

Sq.    in. 

Net 

h.p. 
output 

Efficiency 
of  pump 

10:05-10:31 

1 

916 

3800 

356.8 

35.4 

321.4 

711 

77.6 

10:36-10:51 

■2 

877 

3800 

350.8 

35.1 

315.7 

700 

70.8 

10:54-11:12 

3 

920.5 

3820 

350.4 

34.1 

316.3 

703 

78.0 

11:17-11:30 

4 

892 

3751.4 

352.5 

35.6 

316.9 

695 

77.7 

11:37-11:53 

6 

899 

3880 

350.9 

35.2 

315.7 

714 

79.4 

11:55-12:03 

6 

880.3 

3457 

376.1 

36.0 

340.1 

686 

77.9 

12:03-12:07 

6 

929 

4500 

304.4 

34.6 

269.8 

708 

76.1 

12:09-12:13 

6 

946 

5070 

255.6 

33.6 

222.0 

664 

69.4 

12:24-12:28 

6 

952 

5500 

207.4 

33.2 

174.2 

559 

58.7 

12:32-12:36 

6 

927 

5588 

155.2 

33.2 

122.0 

397 

42.8 

Immediately  following  the  24-hr.  test  for  capacity. 


PRACTICAL    RESULTS    FROM    THE    NEW    SYSTEM 

75  The  high-pressure  fire  system  in  New  York,  which  was  put 
officially  into  service  on  July  6,  1908,  has  been  successfully  operated 
at  many  fires,  but  it  had  a  crucial  test  on  January  7,  8  and  9,  1909, 
when  it  was  l)rought  into  service  for  five  simultaneous  fires,  three  of 
them  of  more  than  the  usual  extent  and  activity,  and  one  particu- 
larly so.  Information  upon  the  results  attained  with  the  system  and 
the  amount  of  water  consumed  was  given  by  Chief  Engineer  I.  M. 
de  Vai'ona  and  published  in  the  Engineering  News  of  Feburary  11, 
1909. 

76  The  fires  occurred  at  Hudson  and  Franklin  Streets,  Hester 
Street  and  the  Bowery,  Houston  Street  and  Broadway,  Sixth  Ave- 
nue and  17th  Street,  and  Houston  Street  and  the  Bowery.  The 
situation  became  so  dangerous  that  every  engine  south  of  37th  Street, 
or  40  engines,  were  summoned,  as  well  as  a  force  consisting  of  12 
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battalion  chiefs  and  more  than  600  men,  but  there  was  no  need  to 
use  a  single  one  of  the  engines. 

77  As  the  violence  of  the  fires  increased,  additional  pumps  were 
brought  into  service,  so  that  at  one  time  four  pumps  and  motors  were 
in  commission  at  the  South  Street  Station  and  three  pumps  at  the 


TABLE  7     SPECIFIED  CHEMICAL  ANALYSIS  FOR  PUMP  MATERIALS 


Nickel  steel 


Parts  of  1  per  cent 

Phosphorus  not  to  exceed 0 .  04 

Sulphur  not  to  exceed 0.04 

Tensile  strength  at  rupture,  pounds  100,000 
Tensile  strength  at   elastic  limit,! 

pounds 65,000 

Per  cent  elongation  in  8  in 2 

Per  cent  elongation  in  2  in 22 

Contraction  of  area  per  cent 32 

Carbon  not  less  than 20  parts  of  1% 

Nickel  percentage 21  to  24 


Medium 
steel 


0.10 

650,000 

32,500 
22 


Steel 
forging 


0.04 
0.04 
75,000 

38,000 

22 
32 


Steel 
casting 


0.05 
0.05 
65,000 

32,000 

18 
24 


Gansevoort  Street  Station,  delivering  35,500  gal.  per  min.  against 
an  average  pressure  of  225  lb.  at  the  pumps  and  205  lb.  at  the  hydrants. 
During  the  operation  of  the  pumps  14,095,000  gal.  were  pumped  as 
recorded  by  the  meters,  and  the  current  used  was  81,450  kw-hr., 
the  cost  of  which  was  $1222. 


Note. — The  high-pressure  system  was  designed  by  I.  M.  de  Varona,  Chief 
Engineer  of  the  Department  of  Water  Supply,  Gas  and  Electricity  of  New  York. 
It  was  also  constructed  under  his  supervision.  The  construction  of  the  electrical 
machinery  was  supervised  by  Prof.  Geo.  F.  Sever  as  Consulting  Engineer.  The 
details  of  construction  were  in  charge  of  Thomas  J.  Bannon,  John  P.  Reynolds 
and  Henry  B.  Machon,  assistant  engineers  of  the  department.  The  machinery 
of  each  station  was  designed  and  erected  by  the  Allis-Chalmers  Co.  of  Milwaukee. 


DISCUSSION 

SMALL  STEAM  TURBINES 

By  Geo.  A.  Orrok,  Published  in  The  Journal  for  May 

ABSTRACT  OF  PAPER 

The  subject  of  small  steam  turbines  is  dealt  with  from  the  stand- 
point of  the  designing  and  operating  engineer.  The  various  types 
of  turbines  now  on  the  market  are  illustrated  by  means  of  sections 
showing  their  construction  and  photographs  of  the  completed  ma- 
chine. A  number  of  steam  consumption  curves  are  used  to  demon- 
strate the  economy  that  may  be  expected  from  the  machines  in  certain 
situations.  The  author  also  describes  the  details  of  the  turbines, 
together  with  some  operating  conditions. 

DISCUSSION  AT  THE  WASHINGTON  MEETING 

Charles  B.  Rearick.  Small  turbines  have  become  popular  in 
large  power-house  work  for  driving  auxiliaries,  and  we  are  furnishing 
a  large  number  where  electric  motors  and  engines  of  the  reciprocating 
type  were  formerly  used.  They  are  being  used  extensively  for  the 
smallest  units  in  hot-well  service  for  surface  condensers,  the  turbine 
driving  a  centrifugal  pump  which  carries  the  condensed  water  away 
from  the  condenser;  supplanting  in  these  cases  the  usual  reciprocat- 
ing pump.  They  are  more  efficient  than  the  reciprocating  pump,  they 
take  less  space,  there  are  fewer  parts  to  maintain,  and  the  service 
seems  to  be  very  popular.  They  have  also  proved  their  worth  in 
larger  installations  for  driving  boiler-feed  pumps  of  the  multistage 
turbine  type. 

2  Some  of  the  newest  work  taken  up  by  turbine  drive  is  for  circu- 
lating pumps  for  surface  and  jet  condenser  work.  We  have  a  represent- 
ative lot  of  such  installations  using  turbines  from  50-h.p.  to  250-h,p., 
operating  such  pumps  under  low  heads  and  at  speeds  as  low  as  600 
r.p.m.,  direct-coupled  to  the  rotor  shaft  of  the  turbines. 

The  paper  on  Small  Steam  Turbines  was  discussed  both  at  the  Washington 
meeting,  May  4-7,  and  at  the  Boston,  meeting,  June  11,  1909. 
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3  The  question  of  economy  is  not  touched  upon  to  any  great 
extent  in  Mr.  Orrok's  paper,  except  to  give  some  curves  which  cover 
only  one  condition  of  service  in  most  cases  and  cannot  very  fairly 
be  compared  for  the  diffei'ent  makes.  High  economy  in  small  tur- 
bine units  is  in  many  instances  of  minor  importance.  ReUabihty  of 
service  is  most  important  of  all.  Under  the  very  low  speeds  for 
driving  circulating  pumps  and  similar  pump  work  the  economy  can- 
not be  especially  good;  but  in  nearly  all  these  large  power  plants 
the  exhaust  steam  is  all  utilized  in  feed-water  heaters,  and  approxi- 
mately 80  per  cent  of  the  heat  is  returned  to  the  boilers. 

4  There  is  only  one  class  of  service  in  which  high  economy  is 
absolutely  necessary,  and  that  is,  when  the  unit  becomes  the  prime 
mover  or  the  main  unit  for  a  plant.  In  that  case  the  turbine,  both 
condensing  and  non-condensing,  compares  well  with  the  engine;  for 
such  work  is  usually  driving  dynamos  and  other  high-speed  apparatus 
and  the  speed  can  be  chosen  for  the  best  economy. 

5  In  Par.  14  I  wish  to  make  a  correction.  The  Kerr  Turbine 
Company  build  also  a  30-in.  size,  and  their  present  patterns  are 
suitable  for  powers  as  high  as  from  6()0-h.p.  to  700-h.p.  under  proper 
speed  conditions. 

W.  D.  Forbes.  Mr.  Francis  B.  Stevens  of  Hoboken,  who  died  a 
year  ago  in  his  ninety-fifth  year,  seeing  in  my  shop  some  small  Pelton 
water  wheels,  told  me  that  in  1854  he  had  seen  a  steam  turbine  in  a 
candy  establishment  in  New  York,  which  ran  1200  revolutions  for 
some  twelve  years,  with  little  or  no  attention.  It  drove  a  small 
fan.  Mr.  Stevens  described  the  machine  as  practically  the  same  as  a 
Pelton  water  wheel,  except  that  the  bucket  was  cut  in  two,  each  half 
being  placed  on  a  separate  disc,  and  the  steam  was  led  to  these  two 
Inickets  by  a  "  splitter"  between  them,  which  of  coiu'se  was  stationary. 
Each  bucket  was  made  fast  to  the  disc,  which  was  of  course  keyed  to 
tlie  shaft. 

2  What  seems  strange  to  me  is,  if  steam  turbines  are  such  excellent 
things  and  have  been  known  so  long,  that  they  are  not  more  generally 
used. 

R.  H.  Rice.  Mr.  Orrok  has  rendered  a  valuable  service  to  the 
Society  in  describing  the  construction  of  the  various  small  steam 
turbines  now  on  the  mai'ket  and  in  l^ringing  together  the  economical 
results  to  be  expected  fi'om  sucli  inachiuos  under  proper  conditions. 

2     It  is  interesting  to  note  that  all  the  tiul)ines  described  are  of 
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the  "impulse"  or  "action"  type.  The  "reaction"  turbines  ai-e  not 
suitable  for  small  turbine  work  on  account  of  the  complication  and 
expense  of  their  bucket  systems,  and  this  fact  leads  to  the  conclusion 
that  tlie  si,reat  flexibility  of  the  impulse  type  will  lendei'  it  the  ulti- 
mate type,  supeiseding  the  reaction  machines  entirely  for  all  classes  of 
sei'vice.  tSonie  ))roniinent  buiklers  of  i-eaction  turbines  abroad  are 
already  using  eithei'  inw  or  two  impulse  stages  at  tlie  high-j)ressui'e 
end  of  the  turbine  in  combination  with  a  reaction  section  at  the  low- 
pressui'e  end;  wliile  one  buildei-,  who  has  already  passed  through  this 
stage  of  development,  has  abandoned  the  reaction  turl)ine  altogethei' 
in  favor  of  a  ])ure  impulse  design. 

'A  The  flexil)ility  of  impulse  turl)ines  is  shown  by  the  great  range 
of  capacity  of  the  Curtis  turbine,  which  is  l)uilt  in  sizes  ranging  from 
5  kw.  to  14,000  kw. 

4  The  author  describes  the  construction  of  seven  different  tur- 
bines, which  may  he  divided  into  four  classes  according  to  the  method, 
of  using  steam,  as  follows: 

a  tSingle-stage,  expanding  nozzle,  one  bucket  row,  one  velocity 
extraction:  De  Laval. 

b  Multistage,  conveying  nozzle,  one  bucket  row  per  stage, 
one  velocit}'  extraction  per  stage:  Ken-. 

c  8ingle-stage,  expanding  nozzle,  one  bucket  row,  multiple- 
velocity  extraction:  Terry,.  Sturtevant,  Bliss,  Dake. 

d  Single  or  nmltistage  (depending  on  capacity),  two  to  three 
bucket  rows,  multiple  velocity  extraction  but  only  one  per 
bucket  row"  Curtis. 

5  The  value  of  these  various  methods  of  using  steam  is  clearly 
set  forth  in  the  curves  presented  by  the  author  (Fig.  25  to  Fig.  30), 
giving  the  water  (steam)  consumption  of  the  various  turbines  in 
Classes  h,  c  and  d.  In  the  diagram  in  Fig.  1  aU  these  curves  are  di-awn 
to  the  same  scale  so  that  they  may  be  readily  compared. 

6  It  will  be  seen  that  with  one  exception,  a  very  small  machine, 
which  suffei's  somewhat  fi'oiu  this  fact,  the  water-rates  of  all  tlie  tui- 
bines  in  Classes  b  ami  c  fall  rather  closely  together,  while  Class  d, 
even  witii  a  50-h,p.  machine,  shows  consideraldy  better  results.  This 
is  much  more  marked  in  the  case  of  the  200-h.p.  machine.  Class  (> 
is  I'epresented  by  an  eight-stage  machine  of  150-h.p.  and  shows  slightly 
better  results  than  the  machines  of  Class  c,  particularly  at  light  loads. 
This  result  is  insignificant  as  compared  with  the  complication  of  the 
large  number  of  wheels,  diaphragms,  packings,  and  length  of  machine, 
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and  this  complication  is  therefore  apparently  not  justified.  The  rea- 
son such  multistage  machines  do  not  give  better  water  rates  is  due  to 
a  considerable  extent  to  the  high  frictional  losses  caused  by  rotating 
wheels  in  a  dense  atmosphere  of  steam  at  comparatively  high  pres- 
sure. 
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Fig.  1     Economy  Curves  of  Small  Turbines 


7  The  turbines  of  Class  c  labor  under  two  disadvantages,  due  to 
using  the  steam  repeatedly  in  the  same  buckets;  either  (as  in  the  case 
of  the  Terry  turbine)  the  steam  has  to  be  turned  at  liigh  velocity 
through  an  angle  of  180  deg.  in  the  return  chambers,  or  it  has  to  be 
used  in  buckets  which  have  in  general  the  wrong  angle  of  entrance; 
for  it  is  easy  to  see  that  if  the  bucket  angle  is  correct  for  receiving 
the  jet  at  its  highest  speed,  it  cannot  be  correct  when  the  jet  has  con- 
siderably slowed  down. 


SMALL    STEAM   TURBINES 


869 


8  The  general  principle  employed  in  these  turbines  was  used  first 
by  Professoi's  Riedler  and  Stunipf  in  the  years  1902-1903,  and  a 
number  of  these  machines  were  built  and  put  into  service.  The  com- 
pany which  exploited  them,  however,  abandoned  the  principle  about 
the  latter  year  and  since  then  has  built  under  a  Cui'tis  license,  this 
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step  having  been  taken  by  reason  ofthe  superior  economies  obtainable 
by  the  Curtis  construction,  which  the  paper  seems  fully  to  confirm. 
9  At  the  Detroit  meeting,  June  1908,  Messrs.  Dean  and  Wood 
presented  a  paper  giving  results  of  tests  on  high-speed  engines  of  sizes 
comparable  with  the  turbine  figures  given  by  Mr.  Orrok.     Fig.  2 
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shows  the  results  compared  witli  the  full-load  water  rates  given  1)}^ 
the  author. 

10  Messrs.  Dean  and  Wood  tested  engines  which  had  been  in  ser- 
\ice  foi-  some  time  and  many  of  which  liad  evidently  seriously  deteri- 
orated in  efficiency  due  to  wear  and  leakage.  Mr.  Orrok  confirms 
tiie  statement  made  by  the  wi'itei-,  that  the  turbine  does  not  fall  off 
in  efficiency  after  similar  length  of  service  and  in  further  confirma- 
tion of  this  is  the  test  on  a  75-kw.  Cui-tis  turbine  made  by  Professor 
Carpenter. 

11  This  fact  has  also  been  established  by  many  tests  made  by  the 
writer  on  turljines  which  have  been  in  use  for  considerable  lengths  of 
time,  and  is  subject  only  to  the  qualification  that  when  steel  bucket 
constructions  are  used,  as  in  all  the  turbines  described  except  the 
Curtis,  wear  may  be  expected  under  certain  conditions  of  wet  steam 
and  light  loads  which  will  increase  steam  consumption  after  a  very 
moderate  length  of  service.  The  use  of  bronze  buckets  of  the  proper 
composition  to  resist  this  deterioration  is  therefore  essential  to  secure 
the  best  results  under  all  conditions. 

Prof.  R.  C.  Carpenter.  During  the  past  year  I  have  given  con- 
siderable study  to  the  results  from  the  use  of  small  turbines,  arriving 
at  practically  the  conclusion  of  the  author  (Par.  33),  that  the  field  of 
the  small  turbine  is  somewhat  narrow  as  compared  with  the  high- 
speed steam  engine.  This  conclusion  applies  to  small  turbines  run- 
ning non-condensing,  however;  when  large  turbines  are  operated  con- 
densing the  economy  is  very  high,  and  I  think  the  results  will  usually 
be  superior  to  that  obtained  with  piston  engines. 

2  On  testing  one  turbine,  which  I  think  had  been  in  use  for  three 
years,  I  was  pleased  to  find  that  my  results  practically  agreed  with 
those  obtained  when  the  turbine  was  first  installed.  This  seems  to 
indicate  that  so  far  as  that  turbine  is  concerned,  there  was  no  deteri- 
oration from  use.  The  general  results  which  I  obtained  in  the  econ- 
omy tests  were  substantially  those  shown  on  these  curves,  and  indicate 
that  the  economy  is  perhaps  not  quite  as  good  compared  with  the  pis- 
ton engine;  the  advantages  of  the  small  steam  turbine  must  therefore 
be  other  than  simply  that  of  economy.  The  results  of  the  tests  of  this 
machine  are  shown  in  the  table. 

3  I  have  recently  had  an  opportunity  of  getting  figures  from  a 
small  turbine  operated  with  a  high  degree  of  superheat  and  running 
non-condensing.  The  results  of  that  test  were  satisfactory  in  many 
ways:  350  deg.  superheat  seemed  to  have  about  the  same  effect  as  18 
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in.  of  vacuum,  and  a  machine  having  a  water-rate  given  as  approxi- 
mately 50  lb.  per  b.h.p.  went  down  to  about  22  lb.  per  b.h.p.  The 
small  steam  turbine  has  special  advantages  for  many  kinds  of  work 
where  a  high  rotative  speed  and  small  torque  are  desirable;  for  those 
kinds  of  work  I  beheve  it  will  ultimately  supersede  the  small  piston 


engme. 
4     Mr, 


Rice  made  the  statement  that  he  believes  the  reaction 


TEST  OF  CURTIS  TURBINE,  75-KW.  CAPACITY,  OPERATED  NON-CONDENSING 

October  13,  1908 


Test  No. 


Electric  load,  kilowatts 57.7 

Pressure  at  throttle,  pounds  gage 121 .6 

Pressure  at  nozzle,  poimds  gage 108 . 4 

Back  pressure,  pounds  gage 0 .  24 

Barometer  reading,  inches 30 .0 

Total  water  to  boiler,  pounds 14971 

Wet  steam  to  turbine,  pounds 14121 

Qualit.v  of  steam,  per  cent 98 . 

Dry  steam  to  turbine,  pounds 13881 

Dry  steam  to  turbine  per  hour,  pounds 308.5 

Dry  steam  to  turbine  per  kw-hr.,  pounds 53 . 

Equivalent  per  i.  h.p.  (provided  1  kw.  =  l.Oi.h.p.) 33. 


Note — ^The  pressure  at  the  throttle  is  practically  the  same  as  at  the  boiler,  which  stood  about 
80  ft.  away. 

turbine  will  drop  out  of  use;  but  I  think  he  is  looking  at  the  question 
from  a  prejudiced  standpoint.  Charles  Algernon  Parsons,  I  find,  has 
the  opposite  view.  His  notion  is  that  the  reaction  turbine  will 
replace  the  impulse  turbine  for  large  work.  I  think  there  is  no  ques- 
tion about  the  advantages  of  the  impulse  turbine  for  small  work,  but 
I  do  not  believe  the  reaction  turbine  will  drop  out  for  large  powers 
when  a  high  vacuum  is  obtainable. 


H.  Y.  Haden.  a  field  for  small  turbines  not  touched  by  this  excel- 
lent paper  is  that  of  installations  where  exhaust  steam  can  be  utilized 
to  advantage.  There  is  an  installation  in  Pittsburg  of  a  150-h.p. 
turbine  connected  to  centrifugal  pumps,  which  operates  under  very 
unusual  conditions.  Primarily,  it  takes  the  exhaust  of  reciprocating 
pumps,  without  any  regenerator,  and  develops  the  full  power  when 
exhausting  into  a  vacuum  of  25  in.,  but  it  is  also  capable  of  automatic- 
ally taking  high-pressure  steam  at  125-lb.  pressure,  should  the  supply 
of  exhaust  steam  fluctuate  too  much  or  be  entirely  cut  off.     The  same 
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turbine  also  operates  taking  steam  at  125-lb.  pressure  and  exhausting 
into  the  atmosphere,  and  it  had  further  to  be  guaranteed  by  the  manu- 
facturers to  take  high-pressure  steam  at  65-lb.  pressure  when  exhaust- 
ing freely.  I  believe  the  above  four  conditions  could  not  be  met  by 
any  reciprocating  engine.  Of  course  maximum  economy  will  not  be 
attained  under  each,  but  it  is  attained  under  two:  that  of  exhaust- 
pressure  condensing  and  high-pressure  condensing. 

2  The  turbine  is  of  the  De  Laval  type,  which  is  particularly  adapt- 
able for  changing  steam  conditions,  and  is  the  only  machine  in  which 
any  desired  plan  of  operation'^can;^be" attained  by  simply  changing  nozzle 
ratios,  without  any  change  in  the  angle  of  the  bucket  or  velocity  of 
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the  pump,  and  without  sacrificing  either  capacity  or  efficiency.  I 
believe  there  is  a  large  field  for  turbines  operating  under  conditions 
such  as  the  foregoing,  whether  connected  to  generators  or  centri- 
fugal pumps — a  field  where  one  can  depend  upon  a  unit  irrespective 
of  the  supply  of  exhaust  steam  and  without  a  regenerator  or  other 
expensive  auxiliary. 

Fred.  D.  Herbert.  Mr.  Orrok  did  not  mention  tests  made  on  the 
Terry  turbine  at  the  New  York  Edison  Company's  plant  some  years 
ago,  in  which  the  steam  consumpti(5n  is  much  below  that  shown  in 
the  Terry  curve  (Fig.  25);  possibly  because  of  his  preference  for 
tests  made  outside  the  builder's  works.  The  accompanying  curve  and 
tables  show  the  water'^rates  of  90  h.p.,  50  h.p.,  25  h.p.  and  12  h.p. 
Tenv  turbine  respectively. 
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TABLE  1  TESTS  OF  A  25-H.P.  TKllHY  TURBINE 


Test 

Steam 

Back 

Quality  or 

Speed 

Load 

Per  Cent  OF 

Total  WatehWater    per 

No. 

Pres. 

Pres. 

Superheat 

R.P.M. 

B.H.P. 

Rating 

PER    HR. 

H.P.    HR. 

Degrees 

1 

00 

0 

62.50 

2500 

25.52 

102.0 

1068 

41.85 

5 

90 

0 

71.70 

2500 

18.60 

74.5 

851 

45.72 

2 

90 

0 

82.42 

2500 

12.39 

49.5 

680.5 

54.93 

10 

90 

0 

50.00 

2100 

24.29 

97.2 

1068 

44.00 

11 

90 

0 

60.26 

2100 

15.816 

63.4 

808.25 

51.09 

6 

90 

0 

45.60 

1800 

22.90 

92.0 

1077.25 

47.10 

7 

90 

0 

79.86 

1800 

10.21 

40.8 

638.58 

62.54 

9 

90 

0 

44.70 

1800 

15.59 

62.4 

807 

51.76 

TABLE  2     TESTS  OF  A 

12-H.P 

.  TERRY  TURBINE 

Test 

Steam 

Back 

Quality  or 

Speed 

Load 

Per  Cent  of 

Total  Water  Water   per 

No. 

Pres. 

Pres. 

Superheat 

R.P.M. 

B.H.P. 

Rating 

per    HR. 

H.    p.   HR. 

Deyrees 

1 

136.5 

0 

58 

2501 

13.65 

113.6 

577.3 

42.0 

2 

136.8 

0 

15 

2513 

12.08 

100.7 

547.2 

45.3 

3 

128.5 

0 

12 

2490 

11.70 

95.6 

545.2 

46.6 

4 

130.9 

0 

0 

2501 

7.23 

60.2 

421.5 

58.3 

2  Regarding  the  statement  that  turbines  are  built  of  the  single 
stage  only,  the  Terry  Company  has  in  operation  and  under  construc- 
tion several  two-stage  condensing  turbines,  the  largest  of  which  is  600- 
h.p.  and  the  smallest  about  125-h.p.  Because  of  the  successful  re- 
sults obtained,  the  builders  claim  that  the  turbine  is  superior  to  the 
reciprocating  engine  as  an  operating  proposition,  and  in  none  of  these 
turbines  now  running  has  a  bucket  been  replaced.  No  one  could 
make  a  living  on  the  repairs  to  small  steam  turbines,  which  is  one  of 
the  disadvantages  from  the  selling  point. 

W.  E.  Snyder.  Almost  all  the  emphasis  has  been  laid  on  steam 
economy.  Another  point  which  should  receive  careful  consideration 
is  the  lower  cost  of  maintenance,  particularly  where  turbines  are  used 
for  boiler  feed,  replacing  the  direct-acting  boiler-feed  pumps  ordinarily 
used ;  for  pumping  circulating  water  to  condensers ;  or  for  driving  cen- 
trifugal pumps  pumping  water  at  comparatively  low  heads.  In  all 
this  work  the  turbine  replaces  direct  acting  pumps  which  are  very 
expensive  to  operate,  not  only  from  the  standpoint  of  steam-consump- 
tion, but  from  the  cost  of  supplies,  such  as  cylinder  oil,  pacldng  and 
pump  valves.  I  have  in  mind  one  central  condensing  plant  served 
by  a  direct-acting  pump  where  the  costs  are  from  $75  to  SlOO  a  month 
for  packing,  cylinder  oil  and  valves.  A  similar  condensing  plant 
served  by  a  small  turbine  involved  practically  no  expense  for  these 
supplies. 
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2  The  first  question,  three  or  four  years  ago,  before  our  company 
had  installed  any  of  these  machines,  was  not  a  question  of  steam 
economy  so  much  as  of  reliability  of  operation.  If  we  put  in  a  tur- 
bine to  pump  water  for  a  central  condensing  plant,  into  which  exhaust 
a  large  number  of  steam  engines  of  various  kinds  and  used  for  varied 
service,  would  the  turbine  break  down,  just  when  it  was  most  needed? 
For  the  purpose  of  investigating  this  point  I  went  to  a  plant  which 
had  a  small  unit  in  operation  driving  a  generator  and  which  had  been 
in  use  for  about  four  years.  The  gears  showed  no  appreciable  wear, 
and  there  had  been  practically  no  shut  downs. 

3  The  result  of  that  investigation  was  the  adoption  of  turbines  in 
central  condensing  plants  in  a  number  of  works  with  which  I  have 
to  do,  and  also  later  for  boiler  feed  and  for  pumping  water  under  low 
heads;  and  they  have  proved  generally  reliable  regardless  of  make. 
This  is  also  true  in  regard  to  small  turbine  air-compressor  units  for 
the  cupola,  etc.,  in  steel  works. 

4  I  think  it  is,  therefore,  in  the  displacement  of  the  direct-acting 
pump,  always  expensive  to  operate,  apart  from  steam  consumption, 
that  the  small  turbine  will  find  its  greatest  field,  of  usefulness.  In  the 
39th  Street  Edison  Station  in  New  York,  the  turbine-driven  boiler- 
feed  pumps  have  been  continuously  operating  for  months,  running 
almost  automatically,  and  requiring  practically  no  attention  or  supplies. 
Steam  economies  are  of  course  important,  yet  in  large  plants  where  all 
of  the  large  units  are  condensing,  the  steam  from  the  auxiliaries  is 
needed  to  heat  the  feed-water,  and  a  few  per  cent  more  or  less  in 
steam  consumption  of  turbine  auxiliaries  does  not  materially  change 
the  total  economy  of  the  plant. 

5  Other  advantages  in  favor  of  the  small  turbine  as  compared 
to  direct-acting  pumps,  are  the  small  space  required  and  the  fact  that 
they  can  always  be  kept  clean  and  present  a  good  appearance. 
Direct-acting  pumps  are  usually  very  difficult  to  keep  in  presentable 
condition  on  account  of  water  leakage  and  of  the  excessive  use  of  lubri- 
cants. The  turbine  and  pump  are  entirely  enclosed,  the  case  can  be 
wiped  very  conveniently,  and  it  presents  nothing  of  the  unsightly 
appearance  which  is  so  often  characteristic  of  the  direct-acting 
pump. 

William  T.  Donnelly  expressed  the  opinion  (in  response  to  a 
question  by  Mr.  Forbes  as  to  why  turbines  did  not  come  into  more 
general  use  at  an  earlier  date)  that  we  do  not  thoroughly  appreciate 
the  important  bearing  which  the  interchange  of  knowledge  has  in  the 
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development  of  apparatus  sucJi  as  a  turbine.  The  steam  turbine  has 
been  brought  to  the  attention  of  people  and  results  have  been  accom- 
j:)lished  with  it  in  recent  years  because  of  the  general  interchange  of 
knowledge  and  the  discussion  of  engineers  on  the  subject.  In  the 
early  days  of  circular  sawmills,  many  of  tiiem  were  driven  by 
3team  turbines.  When  they  were  finally  replaced  by  reciprocating 
engines,  there  was  considerable  objection  on  the  score  of  steam 
consumption. 

2  The  development  of  the  modern  steam  turbine  was  brought 
about  substantially  by  the  individual  work  of  one  man,  Mr.  Parsons, 
in  persisting  in  his  efforts  to  develop  a  turbine  which  would  give  prac- 
tical results.  No  attention  was  paid  to  his  efforts  for  a  period  of  eight 
or  ten  years;  when  he  accomplished  practical  results,  and  the  knowl- 
edge was  distributed  through  the  engineering  societies  in  this  country, 
we  commenced  to  look  into  it,  and  the  energy  of  British  engineers  in 
following  up  the  work  of  Mr.  Parsons  is  the  reason  why  the  steam  tur- 
bine has  come  to  the  front.  They  forced  our  attention  to  the 
marine  turbine  by  building  a  small  boat  and  accomplishing  results. 
The  same  w^as  true  in  regard  to  the  application  of  steam  turbines  in 
driving  electric  units.  I  think  we  can  credit  the  great  development 
of  the  steam  turbine  in  recent  years  largely  to  discussions  of  technical 
societies  by  which  the  attention  of  engineers  has  been  brought  to  it. 

F.  H.  Ball.  The  conclusions  of  the  author  regarding  the  future 
of  the  small  steam  turbine  may  fairly  be  questioned.  On  the  score 
of  efficiency  the  showing  made  by  the  several  types,  even  when  tested 
by  the  parties  interested  in  their  success,  is  very  poor.  From  these 
test  figures,  it  appears  that  the  best  performance  ranges  from  about 
30  lb.  per  h.p.  per  hr.  to  nearly  70  lb. 

2  It  must  be  noted  also  that  very  high  steam  pressure  is  generally 
used,  and  in  some  cases  superheat.  Under  these  conditions  any 
good  reciprocating  engine,  even  of  the  single-valve  type,  run  as  a  non- 
condensing  compound,  would  easily  develop  power  on  20  lb.  or  less: 
the  user  of  one  of  the  non-condensing  turbines  described  ^must 
therefore  expect  to  increase  his  coal  bill  from  50  to  200  per  cent  over 
a  single-valve  non-condensing  compound  engine  having  the  simplest 
possible  form  of  valve  gear. 

3  Moreover,  the  speed  of  these  turbines,  from  2000  to3600r.p.ni., 
will  generally  be  considered  objectionably  high.  Buyers  of  electric 
motors  generally  prefer  motors  of  moderate  speed,  even  at  the  extra 
cost,  and  generally  speeds  above  1000  r.p.m.,  even  for  motors  as  small 
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as  10  h.p.,  are  considered  objectionable.  This  same  objection  must 
inevitably  be  urged  against  speeds  of  2000  to  3600  for  engines  of  con- 
siderable power. 

Chas.  a.  Howard  spoke  in  reply  to  the  same  question,  calling 
attention  to  the  fact  that  as  it  is  only  in  the  last  few  years  that  there 
has  been  high-speed  machinery  for  turbines  to  drive,  engineers  have 
been  rather  afraid  of  the  use  of  reducing-gearing. 

2  As  far  as  a  comparison  of  the  merits  of  different  turbines  goes, 
it  must  be  remembered  that  the  economy  is  affected  by  the  bucket  speed 
even  more  than  by  steam  pressure.  In  all  of  these  tests  the  bucket 
speeds  are  different,  and  any  attempt  to  make  a  comparison  of  the  steam 
economy,  as  in  the  diagram  by  Mr.  Rice,  would  thus  lead  only  to  an 
erroneous  view.  While  his  curves  show  in  general  what  may  be 
expected  from  turbines  of  this  size,  no  correct  comparisons  can  be 
drawn  between  individual  machines. 

3  It  is  to  be  noted  also  that  some  of  these  tests  are  made  by  the 
manufacturers,  and  naturally  under  the  most  favorable  conditions 
possible,  while  others  are  made  by  outside  parties  with  the  conditions 
as  they  happened  to  be.  This  fact,  together  with  the  difference  in 
bucket  speeds,  makes  an  attempted  comparison  very  deceptive. 

4  In  comparing  the  steam  consumption  of  the  small  turbines 
with  what  has  been  obtained  by  reciprocating  engines  under  similar 
conditions,  attention  is  called  to  the  paper  presented  at  the  spring 
1908  meeting  of  the  Society  by  Messrs.  F.  W.  Dean  and  A.  C.  Wood 
(Proceedings,  June  1908).  This  paper  gives  results  of  tests  on 
several  makes  of  reciprocating  engines  in  which  the  steam  consump- 
tion per  brake-h.p.  hour  runs  from  39  to  42  lb.,  which  is  no  better  and 
in  many  cases  not  as  good  as  the  performance  of  the  turbines. 

DISCUSSION  AT  BOSTON  MEETING 

Dr.  L.  C.  Loewenstein^  presented  a  number  of  lantern  slides  show- 
ing various  types  of  turbines  and  discussed  the  relative  advantages 
of  each  type.  For  constructive  reasons  the  peripheral  speed  of  the 
buckets  of  the  DeLaval  turbine  cannot  be  made  high  enough  to 
obtain  the  highest  efficiency.  To  reduce  the  peripheral  speed  of 
the  turbine  and  still  use  the  energy  of  the  steam  economically,  the 
steam  should  pass  through  the  buckets  a  number  of  times,  each  row- 
abstracting  only  a  part  of  the  energy. 

1  General    Electric  Co.,  West  Lynn,  Mass. 
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2  The  Kerr  turbine  is  based  on  the  Rateau  principle.  In  an  8-stage 
Kerr  turbine,  operating  non-condensing  with  175-lb.  initial  pressure, 
in  each  stage  the  pressure  would  be  as  follows: 
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The  turbine  casing  is  thus  subjected  to  widely  varying  pressures. 
The  rotation  losses  of  the  eight  rotating  wheels  and  buckets  may  be 
determined  by  Stodola's  formula 

Loss  in  horsepower  =   (      —  )'  V  [0-0 ''^  ^^"^  —  0.6 L^-^^] 

in  which  ij  is  the  density  of  the  steam  in  which  the  wheel  rotates,  D 
is  the  diameter  of  the  disc  in  inches,  L  is  the  height  of  the  buckets 
in  inches  and  u  is  the  peripheral  velocity  in  feet  per  second.  The 
lai'ge  number  of  wheels  and  buckets,  besides  making  a  constructive 
disadvantage,  increases  the  length  of  the  steam  path  and  causes 
large  steam  friction  losses. 

3  The  principle  involved  in  the  Terry,  Sturtevant,  Bliss  and  Dake 
turbines  is  that  employed  first  in  the  Riedler-Stumpf  type,  and  con- 
sists in  passing  the  steam  through  the  same  buckets  a  number  of 
times.  The  disadvantages  of  this  type  are,  first,  the  steam  must 
turn  through  180  deg.  to  re-enter  the  buckets,  causing  a  high  friction 
loss;  secondly,  the  reversing  chambers  are  not  constructed  to  guide 
the  steam  correctly  into  the  buckets;  thirdly,  in  some  machines  the 
steam  re-enters  on  the  same  side  as  it  left  the  buckets,  so  that  if  the 
angles  are  correct  for  the  steam  leaving  the  buckets  they  cannot  be 
correct  for  the  re-entering  steam.  On  account  of  the  high  water- 
rate,  the  principle  was  abandoned  for  the  large  sizes  of  machines.  It 
is  still  used  in  smaller  sizes  chiefly  because  of  lower  cost  of  construc- 
tion. 

4  The  fourth  type  discussed  by  Dr.  Loewenstein  was  the  Curtis 
turbine,  the  illustrations  showing  a  small  size  of  one  stage  and  a 
larger  size  of  two  stages.*    Curves  of  steam  consumption  were  pre- 
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sented  to  show  the  comparative  water  rates  of  the  A'arious  classes 
of  the  Curtis  type.  Among  the  advantages  cited  for  the  Curtis  tur- 
bine were:  high  velocity  of  steam  through  the  several  rows  of  buckets; 
the  steam  impinges  at  the  proper  angle  on  each  row  of  buckets; 
buckets  of  a  special  extruded  metal  are  used  to  avoid  erosion  by  wet 
steam;  and  an  emergency  governor  prevents  excessive  speeds. 

W.  J.  A.  London.*  With  reference  to  Richard  H.  Rice's  compari- 
son at  Washington  of  Fig.  25  and  Fig.  28,  showing  the  steam  con- 
sumption of  the  Terry  turbine  and  that  of  the  Curtis  turbine,  if  the 
curve  of  the  Curtis  turbine  be  produced  and  the  peripheral  speed  of 
the  two  types  be  made  the  same,  the  curve  of  the  Terry  turbine  will 
cross  that  of  the  Curtis  type  at  about  1950  r.p.m.     See  Fig.  1.     There 
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Fig.  1.    Comparison  of  Tests  in  Fig.  25  and  Fig.  28  Reduced  to  the 
Same  Wheel  Velocity. 


is  therefore  not  much  room  for  discussion  of  the  difference  of  efficiency 
of  the  two  types.  Moreover,  wdth  a  large  turbine  an  increase  of  a 
pound  on  the  steam  consumption  would  increase  the  cost  bill  from 
$2000  to  $4000  a  year,  but  with  a  small  turbine  it  would  mean  an 
increase  of  only  from  $10  to  $25  a  year,  which  would  be  offset  by  the 
difference  in  first  cost. 

2  The  greatest  value  of  the  paper  lies  in  the  fact  that,  better  than  a 
salesman,  it  shows  to  men  having  reciprocating  engines,  the  great 
simplicity  of  construction  of  the  turbine.  Men  familiar  with  recipro- 
cating engines  know  what  to  do  in  case  of  breakdown,  but  with  a 

'  Terry  Steam  Turbine  Co.,  Hartford,  Conn, 
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turbine  a  failure  means  a  shutdown  for  several  days.  In  a  few  years, 
however,  every  engineer  will  thoroughly  understand  the  construction 
of  a  steam  turbine  and  will  be  able  to  make  his  own  repairs.'  Another 
fact  which  hindered  the  more  frequent  use  of  the  steam  turbine  was 
that  generators,  pumps,  blowers  and  other  machines  had  to  be 
designed  specially  for  operation  with  turbines.  That  this  is  now 
being  done  is  an  acknowledgment  that  the  steam  turbine  is  here  to 
stay. 

Chas.  B.  Rearick.  The  fact  that  the  small  steam  turbine  has 
obtained  a  footing  is  evidenced  by  the  number  of  installations.  It 
is  now  used  for  a  variety  of  pumping  service,  such  as  driving  hot-well 
pumps  and  circulating  pumps  for  condensers;  multi-stage  pumps  for 
high-pressure  work,  including  boiler  feed  service;  water-works  pump- 
ing service  where  maximum  economies,  obtained  only  with  fly-wheel 
types  of  reciprocating  pumps  of  expensive  design,  are  not  essential; 
and  for  house-service  pumps  in  buildings. 

2  The  matter  of  speed  is  often  a  compromise,  as  the  pump  speeds 
are  not  always  ideal  for  the  turbine.  Especially  is  this  true  for  circu- 
lating work  where  the  heads  are  often  only  15  or  20  ft.  and  the  delivery 
20,000  gal.  or  more  per  min.  It  may  be  necessary  to  sacrifice  some 
efficiency  of  the  pump  in  order  to  run  at  a  speed  suited  to  the  turbine. 
In  such  instances  all  the  exhaust  steam  may  be  used  to  advantage 
in  heating  feed  water,  while  the  low  cost  of  operation  and  the  saving 
in  oil  and  supplies  will  overcome  the  cost  of  increased  steam  con- 
sumption. 

3  The  steam  turbine  has  made  very  rapid  strides  in  the  driving 
of  blowers  for  forced  draught  and  such  work  in  large  power  plants. 
Many  engineers  are  adopting  turbines  for  driving  practically  all 
auxiliaries  in  large  power  plants.  The  question  of  efficiency  is 
secondary  to  a  great  extent  for  the  reasons  cited  above.  It  does  not 
matter  if  the  steam  consumption  of  the  auxiliaries  runs  up  to  70  lb. 
per  horsepower  per  hour  as  a  large  part  of  the  heat  in  the  exhaust  is 
returned  thi-ough  the  heaters.  When  efficiency  is  of  importance, 
as  in  isolated  dynamo  work,  the  speeds  are  usually  such  as  to  give 
results  quite  as  good  as  those  of  the  reciprocating  engine,  and  in 
many  cases  better.  The  turbine  has  demonstrated  its  ability  to  give 
economical  results  in  all  cases  where  the  speeds  are  favorable. 

4  Regarding  the  rating  of  turbines,  there  is  only  one  point  of 
maximum  efficiency  of  any  design,  so  far  as  I  know,  and  that  is  its 
maximum  load.     It  is  very  similar  to  a  gas  engine  in  that  respect. 
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If  we  want  maximum  efficiency  the  turbine  must  carry  its  maximum 
load.  That  can  be  brought  about  in  some  cases  by  the  nozzle  system 
of  design  in  which  better  economy  is  obtained  at  Hght  loads  by  shut- 
ting off  nozzles.  But  where  this  is  done  by  hand  regulation  there  is 
always  danger  of  the  load  coming  on  without  notice  or  without  the 
engineer  having  opened  any  of  the  hand  adjustments.  Turbines 
should  therefore  be  designed  to  eliminate  hand  regulation,  and  to 
accomplish  this  some  builders  provide  for  automatic  operation  of 
these  valves.  While  this  is  successful  within  a  limited  degree,  these 
valves  may  become  leaky  in  service,  and  when  once  leaky  the  control 
of  the  turbine  is  beyond  the  operator, which  may  result  in  over-speed- 
ing to  a  bursting  point  in  case  the  load  is  suddenly  thrown  off. 

5  It  follows  that  the  number  of  controlling  valves  should  be 
reduced  to  a  minimum.  If  there  is  only  one  valve  to  control  in  a 
machine  there  is  but  one  valve  to  look  after  and  to  keep  tight.  Few 
operators  of  turbines  appreciate  how  serious  the  leakage  of  the  con- 
trolling valve  is  to  the  proper  governing  of  the  tiu'bine,  especially  on 
very  light  loads  or  no  load.  On  the  other  hand,  if  turbines  are  kept 
well  loaded  these  leaky  valves  are  not  noticed  and  as  a  result  steam 
consumption  is  increased  through  their  use  rather  than  diminished, 
unless  all  the  valves  are  wide  open  and  the  turbine  is  working  up  to 
its  full  capacity.  The  turbine  which  eliminates  these  dangers,  it 
would  seem,  is  the  better  machine,  and  in  small  units  the  difference 
in  economy  is  entirely  outweighed  by  the  complications  and  dangers 
above  cited. 

F.  B.  DowsT.  The  B.  F.  Sturtevant  Company  have  for  years  built 
reciprocating  engines— single  engines,  multiple-single  engines,  and 
multistage  engines.  Later  we  built  direct-current  and  alternating- 
current  motors.  We  first  came  into  touch  with  the  steam  turbine 
principle  in  1883  when  our  attention  was  first  called  to  the  Wise  steam 
motor.  This  motor  was  an  impulse  wheel,  with  four  jets,  I  think, 
the  steam  impinging  on  buckets,  no  endeavor  being  made  to  expand 
the  steam  in  nozzles.  One  of  our  engineers  left  us  [at  that  time  to 
exploit  the  Wise  steam  motor.  He  returned  after  a  year's  sad  experi- 
ence in  connection  with  the  amount  of  steam  that  would  flow  through 
a  small  opening. 

2  Our  next  experience  was  with  the  Dow  steam  motor.  Mr. 
Dow  came  to  us  early  in  the  nineties,  I  think  it  was,  backed  by  Mr. 
Chisholm  of  the  Chisholm  Shovel  Works  of  Cleveland,  0.  This  tur- 
bine had  previously  been  developed  and  used  successfully  to  drive 


SMALL   STEAM   TURBINES  881 

the  flywheel  in  the  Howell  torpedo.  Associated  with  Mr.  Dow  was 
Mr.  Howard,  for  some  time  connected  with  the  Fore  River  Ship  and 
Engine  Company,  as  it  was  then  called.  The  Dow  turbine  was  built 
in  the  Sturtevant  works  and  was  really  a  meritorious  machine.  It 
was  what  might  be  called  an  inward-flow  reaction  turbine.  A  motor 
of  bronze  was  built  and  the  method  which  Mr.  Dow  developed  is  now 
used  in  balancing  our  rotors. 

3  A  little  later,  during  the  development  of  the  Curtis  turbine, 
a  representative  of  Mr.  Curtis  came  to  us  for  journals  for  high-speed 
work.  He  had  trouble  in  finding  a  journal  box  capable  of  withstand- 
ing the  high  speed  of  his  rotor  shaft.  A  box  that  we  used  was  very 
successful  in  solving  the  problem.  We  knew  there  was  a  somewhat 
limited  field  for  high-speed  motors  for  use  with  our  fans,  however, 
and  were  not  quite  ready  to  take  up  the  Curtis  turbine  commercially. 

4  Later  we  built  a  turbine  for  a  man  from  California;  I  think  his 
name  was  Hewson.  We  never  reached  the  testing  stage,  however, 
as  the  fnachine  was  burned  in  our  fire  of  1901  and  Mr.  Hewson  dis- 
appeared so  far  as  we  were  concerned. 

5  A  completed  Dow  turbine  was  frequently  connected  with  one  of 
our^No.  6  blowers.  The  governing  device  was  not  developed,  but 
that  was  not  necessary  in  order  to  connect  the  turbine  with  a  fan. 
I  believe  this  turbine  was  tested  in  our  works,  and  afterwards  tested 
at  the  Massachusetts  Institute  of  Technology  for  water  consumption, 
which  was  found  to  be  high.  I  have  always  thought  that  the  Dow 
turbine  possessed  great  possibilities  and  wondered  why  someone  did 
not  develop  it. 

6  When  we  cleaned  out  Mr.  Sturtevant's  desk  in  1890,  we  found 
over  200  patents  on  rotary  engines,  showing  his  natural  interest  in 
high-speed  motors.  Although  many  rotary  engines  have  been  pre- 
sented to  us,  we  never  found  it  practicable  to  use  any  of  them. 

7  Experiments  with  a  steam  turbine  of  our  own  for  use  with  our 
fans  resulted  in  the  turbine  described  as  the  Sturtevant  turbine.  Mr. 
Orrok's  description  of  the  rotor  is  substantially  correct,  except  that 
he  omitted  the  fact  that  in  the  manufacture  of  this  part  we  use  an 
open-hearth  steel  forging  of  the  best  quality.  Among  the  uses  of  the 
turbine  are  direct  connection  with  generators,  with  fans  for  blowing 
blast  furnaces,  and  with  multivane  fans  for  work  on  shipboard.  Four 
fans  with  geared  connection,  recently  built  for  a  heating  system  in 
the  West,  have  done  good  work. 

8  An  interesting  problem  was  recently  presented  when  the  Navy 
Department  insisted  on  fans  for  forced  draft  for  the  new  torpedo  boats 


882  DISCUSSION 

where  oil  fuel  is  to  be  used.  This  of  course  demanded  a  slow-speed 
turbine,  but  we  think  we  have  worked  out  a  satisfactory  combination 
by  effecting  a  compromise  between  the  fan  and  the  turbine  element. 
It  is  interesting  to  recall  that  a  few  years  ago  the  Navy  Department 
did  not  consider  any  motive  power  except  a  reciprocating  engine. 
Later  the  electric  motor  came  into  use  and  now  many  of  the  new  ships 
are  equipped  with  forced -di'aft  fans  driven  by  electric  motors. 

9  There  is  not  the  slightest  doul)t  that  the  general  type  of  turbine 
discussed  in  Mr.  Orrok's  paper  is  here  to  stay.  Engineers  like  it  and 
engine  Ijuilders  nmst  get  ready  to  furnish  turbine  engines. 

Chas.  B.  Edwards.*  We  are  more  particularly  interested  in  the 
development  of  the  large  marine  turbine,  but  our  attention  has  been 
recently  directed  to  the  smaller  turbines  owing  to  the  Navy  Depart- 
ment specifying  them  for  blowers;  there  is  also  a  possibility  of  their 
use  for  circulating  pumps  and  other  auxiliary  machinery  on  board 
ship.  The  Navy  Department  has  increased  the  steam  allowance  for 
turbine  installations  over  what  it  was  a  few  years  ago  when  it  was 
limited  to  50  lb.  per  h.p.  hour. 

2  The  great  problem  in  marine  installations,  particularly  for 
naval  purposes,  is  that  of  weight.  The  navy  contracts  specify  a  cer- 
tain weight  of  machine  and  if  we  exceed  that  weight  we  must  pay  for 
it  at  the  rate  of  about  S500  a  ton.  In  considering  the  turbine  propo- 
sition, therefore,  we  must  look  at  it  not  only  from  the  mechanical  side 
but  also  from  the  standpoint  of  weight.  One  of  the  difficulties,  of 
coui'se,  is  that  of  the  exhaust.  The  weight  of  piping,  fittings,  valves, 
etc.,  runs  up  rapidly  and  it  is  therefore  desirable  that  turbine  auxiliaries 
should  be  placed  as  close  to  the  condenser  as  possible;  and  in  order 
to  secure  economical  results  it  is  also  desirable  to  secure  a  low  veloc- 
ity of  exhaust  in  the  pipe  lines. 

V.  F.  Holmes.-  The  DeLaval  Company  has  recently  brought  out  a 
combination  high-and-low-pressure  steam  turbine.  Many  plants 
wliere  condensing  water  is  available  have  an  excess  of  exhaust  steam 
from  auxiliaries  and  tlie  question  has  arisen  whether  a  machine  could 
not  be  devised  for  this  class  of  service.  That  would  necessitate  stor- 
ing up  energy  in  times  of  an  excess  of  exhaust  steam  to  carry  the 
machine  over  the  periods  of  limited  exhaust  steam,  and  would  involve 
expense  and  complications.     What  is  desirable  is  a  machine  in  which 

*  Chief  Engineer,  Fore  River  Shipljuikling  Co.,  Quincy,  Mass. 

*  Power  Equipment  Compajny,  Boston,  Mass. 
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both  the  exliaiist  and  tlie  live  steam  can  be  used  economically  with- 
out regenerators  and  other  heat-storing  devices. 

2  The  DeLaval  combination  high-and-low-pressure  turbine  is 
buih  with  two  nozzle  compartments,  one  for  high  pressure  and  the 
other  for  low  pressure.  Each  compartment  is  furnished  with  nozzles 
having  the  proper  ratio  of  expansion  for  the  conditions  under  which 
they  operate.  Some  of  the  nozzles  are  furnished  with  shut-off 
valves  for  regulation  under  variable  conditions. 

3  Two  steam  connections  are  provided,  one  for  high-pressui'e 
steam  and  the  other  for  low-pressure  steam,  each  connection  leading 
to  its  own  governor  valve,  which  in  turn  is  operated  by  a  separate 
governor.  The  operation  is  entirely  automatic,  the  low-pressure 
governor  being  set  for  a  speed  slightly  higher  than  that  of  the  high- 
pressure  governor.  On  the  total  or  partial  failure  of  the  low-pressure 
steam  supply  the  machine  will  automatically  draw  from  the  high- 
pressure  steam  supply  the  steam  necessary  to  make  up  the  deficiency. 
Also  in  case  of  the  complete  failure  of  the  low-pressui-e  steam  sup- 
ply, the  machine  will  operate  on  high-pressure  steam,  and  under  this 
condition  will  give  practically  the  same  economy  as  a  high -pressure 
steam  turbine. 

4  The  combination  high-and-low  pressure  turbine  is  built  for 
conditions  where  continuous  operation  is  essential  and  where  the 
supply  of  low-pressure  steam  is  intermittent  or  is  apt  to  fail  com- 
pletely. The  regulation  when  changing  from  one  steam  pressure  to 
the  other  varies  from  2  to  3  per  cent,  this  being  on  an  instantaneous 
change  from  one  condition  to  the  other,  such  as  seldom  occurs  in 
actual  service.  A  by-pass  valve  allows  the  admission  of  high-pres- 
sure steam  into  the  low-pressure  compartment,  for  operation  under 
full-load  conditions  non-condensing.  This  by-pass  valve  is  not 
automatic,  and  is  simply  to  enable  the  machine  to  cany  full  load  in 
case  of  failure  of,  or  during  rejvairs  to,    the  condensing  apparatus. 

5  Both  the  low-pressure  turbine  and  the  combination  high-and- 
low  pressure  turbine  are  built  for  steam  conditions  varying  from  5 
lb.  pressure  above  atmosphere  to  10  in.  of  vacuum  at  the  steam  inlet. 
They  are  also  built  for  low  vacuums  for  conditions  where  the  temper- 
ature of  the  circulating  water  or  existing  condensers  prohibits  the 
maintenance  of  a  high  vacuum.  The  steam  consumption  of  the 
machine  varies  somewhat  with  the  sizes  and  operating  conditions; 
the  average  machine  operating  with  steam  at  atmospheric  pressure 
and  exhausting  into  a  vacuum  of  27  in.  to  27^  in.  will  use  from  28 
lb,  to  32  lb.  of  steam  pei-  b.h.p.  hour. 
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6  The  DeLaval  Company  is  also  building  a  high-speed,  low-pres- 
sure turbine  particularly  adapted  for  direct  connection  to  centrifugal 
pumps  and  blowers.  This  class  of  machine  is  built  in  both  the  low- 
pressure  and  combination  high-and-low  pressure  types,  and  consists 
of  the  DeLaval  wheel  direct-connected  to  the  machinery  to  be  driven. 
On  account  of  the  direct  connection  of  the  wheel  and  the  elimination 
of  the  usual  DeLaval  reduction  the  machine  can  be  economically 
operated  only  at  high  speed,  and  for  this  reason  is  not  suited  to  direct- 
current  generator  work,  but  is  particularly  adapted  for  high-speed 
pumping  and  blower  work,  such  as  power-plant  auxiliaries,  boiler- 
feed  pumps,  elevator  pumps,  etc. 

J.  S.  ScHUMAKER.  An  error  has  crept  into  these  figures  that  I  am 
sure  was  not  intended.  That  is,  the  figures  given  for  the  economy 
of  the  Terry  steam  turbine  were  obtained  from  a  turbine  with  nozzles 
designed  for  100  lb.  pressure.  But  the  steam  pressure  used  on  the 
test  was,  I  believe,  150  lb.  One  other  point  that  may  in  fairness  be 
brought  out  is  that  the  Terry  turbine  tests  as  offered  here  were  made 
without  representatives  of  the  Terry  Steam  Turbine  Company  being 
present,  while  in  the  majority  of  the  other  cases  cited  the  tests  are 
shop  tests. 

Prof.  Carleton  A.  Read.  I  am  interested  from  the  fuel  side  of 
the  question  in  the  use  of  non-condensing  turbines  in  small  manu- 
facturing plants  of  from  75-kw.  to  300-kw.  capacity,  where  there  is 
an  excess  of  exhaust  that  can  be  used  only  for  feed-water  heating  and 
heating  the  buildings  in  cold  weather.  We  all  agree  that  it  is  well 
not  to  have  oil  in  the  exhaust  if  the  condensation  is  to  return  to  the 
boilers,  but  many  plants  have  a  good  and  cheap  water  supply  and 
after  using  as  much  of  their  exhaust  as  possible  still  have  some  going 
to  waste.  Nearly  all  of  the  tests  quoted  are  from  the  manufacturers 
and  without  doubt  are  correct  for  the  conditions  under  which  they 
were  made,  but  data  as  to  coal  consumption  under  actual  working 
conditions  would  be  of  interest  to  the  man  buying  an  equipment  for  a 
small  plant. 

Prof.  Ira  N.  Hollis.  One  aspect  of  the  subject  impresses  me  as 
important.  The  curves  of  efficiency  used  for  comparing  different 
turbines  relate  particularly  to  the  thermodynamic  efficiency  of  the 
machine  or  the  number  of  pounds  of  .steam  per  horsepower  developed. 
It  seems  to  me  that  where  a  steam  turbine  is  connected  with  a  pump, 
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such  as  one  used  for  feeding  a  boiler  or  for  circulating  water  in  a  con- 
denser, the  machine  ought  to  be  treated  as  a  whole.  From  this  point 
of  view,  the  number  of  gallons  of  water  delivered  per  pound  of  steam 
or  per  pound  of  coal  is  an  important  factor  and  should  be  given  in 
every  case.  Naturally  the  pressure  against  which  the  water  is  pumped 
is  another  factor.  Ordinary  reciprocating  engines  driving  feed 
pumps  are  very  uneconomical  machines.  I  have  had  experience  with 
pumps  that  used  100  lb.  of  steam  per  i.h.p,  or  even  more.  However, 
the  efficiency  of  the  pumps  as  a  whole  for  delivering  water  into  a 
boiler  was  never  worked  out. 

2  It  may  be  that  the  steam  turbine  is  to  replace  the  steam  engine 
for  all  purposes  about  a  power  station,  particularly  if  the  high-pres- 
sure centrifugal  pump  can  be  developed  into  a  highly  efficient  machine 
in  connection  with  the  turbine.  It  seems  to  me,  therefore  that  it 
would  be  useful  in  connection  with  all  tests  of  turbines  used  to  drive 
pumps,  to  give  the  combined  efficiency  of  the  machine  as  a  whole. 

Prof.  Edw.  F.  Miller.  In  looking  through  these  figures  of  steam 
economies  it  will  be  noticed  that  the  greater  the  load  the  smaller  the 
amount  of  steam  per  horsepower.  All  the  turbines  I  have  had  to 
do  with  would  stand  considerable  overload,  in  some  cases  80  per 
cent.  I  would  like  to  know  what  decides  the  maker  in  rating  his 
turbine.  Apparently  the  economy  line  runs  down  as  the  overload 
goes  on.     Why  not  rate  the  turbine  higher  and  get  better  economy? 

John  T.  Hawkins.  I  was  a  pretty  old  engineer  when  the  turbine 
was  born  and  consequently  know  little  about  it  except  what  I  have 
learned  by  reading  and  observation.  I  am  not  going  to  try  to  impart 
information  but  I  wish  to  ask  a  question.  It  seems  to  be  a  well- 
known  fact  that  with  the  turbine  engine,  the  higher  the  load  the  greater 
the  efficiency  within  its  limits.  To  what  is  the  fact  due  that  the 
turbine  is  more  efficient  under  high  load? 

Richard  H.  Rice.  Just  a  few  words  in  explanation  of  why  the 
turbine  water  rates  decrease  as  the  load  goes  up  and  of  the  effect 
of  the  various  governing  mechanisms  on  this  action.  The  impulse 
turbine  is  essentially  a  turbine  of  partial  admission.  In  a  multi- 
stage condensing  turl)ine  of  this  type  the  buckets  in  the  last  stage 
are  usually  designed  of  the  right  height  and  the  nozzles  of  the  right 
proportion  to  use  the  entire  circumference  of  the  wheel.  In  a  four- 
stage  machine,  the  next  to  the' last  stage  will  use^perhaps  one-half 
the  circumference  of  the  bucket  wheel  for  steam  admission.     It 
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couJd  he  designed  to  use  all  the  circumference,  but  that  would 
involve  undue  shortening  of  liuckets.  In  the  second  stage  there  is 
a  further  shortening  of  the  arc  of  steam  flow,  and  in  the  first  stage, 
a  still  shorter  arc  is  used,  perhaps  90  deg. 

2  In  non-condensing  turbines,  if  we  were  to  attempt  to  use  the 
entire  circumference  of  the  wheel  the  buckets  would  be  so  small 
that  the  machine  would  be  impracticable  and  inefficient.  We  must 
therefore  use  a  short  arc,  decreasing  the  cost  of  the  governing 
mechanism  and  making  a  reasonable  bucket  speed  possible.  It  is 
evident  that  the  bucket  speed  must  depend  on  the  size  of  the  machine 
and  that,  in  connection  with  the  operating  speed,  it  is  the  prime 
consideration  in  the  cost  of  the  machine.  It  would  be  a  mistake  to 
make  a  25-kw.  machine  with  the  same  l)ucket  speed  as  a  300-kw. 
machine,  because  the  former  would  l)e  so  large  in  diameter  and  so 
expensive  as  to  be  impracticable. 

3  It  follows  that  one  reason  why  the  turl)ine  increases  in  economy 
as  the  load  increases  is  that  a  larger  circumference  of  l)ucket  wheel 
is  used;  a  smaller  percentage  of  the  total  power  is  wasted  and  there- 
fore efficiency  increases.  Therefore,  if  the  governing  mechanism 
works  by  throttling  we  have  this  condition:  the  steam  pressure  and 
area  of  the  nozzle  system  determine  the  amount  of  steam  that  can 
be  used  in  the  turbine.  In  a  machine  with  nozzles  wide  open,  the 
latter  must  be  so  designed  that  the  turbine  will  carry  maximum 
load,  as  otherwise  the  turbine  would  shut  down  at  maximum  load. 
It  follows  that  nozzles  designed  for  full  pressure  at  maximum  load 
will  be  greatly  throttled  when  running  with  light  load,  and  conse- 
quently the  efficiency  will  decrease.  Therefore  it  is  advisable  to 
govern  the  nozzle  system  in  such  a  way  that  nozzles  can  he  designed 
for  full  boiler  pressure.  By  using  a  larger  or  smaller  number  of 
nozzles,  and  hence  a  larger  or  smaller  arc  of  wheel,  the  full  economy 
of  the  nozzles  is  obtained  and  only  the  proper  number  of  nozzles  are 
open  for  a  given  load. 


Chas.  H.  Manning.  The  diagrams  confirm  the  opinion  I  had 
formed  of  the  small  steam  turbine  to  the  effect  that  it  is  a  steam 
thief.  But  that  its  virtues  will  outclass  its  sins  I  am  thoroughly 
convinced.  Recent  developments  of  high-speed  centrifugal  pumps, 
fans  and  generators  open  a  field  for  the  turbine  in  which  it  is  sure  to 
succeed. 

2     A  small  practical  point  is  that  almost  all  of  these  small  high- 
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speed  machines  use  the  ring  oiler,  which  is  in  general  bad  practice.  It 
has  a  very  small  contact  on  tiie  shaft  and  any  small  thing  will  stop 
its  running.  Furthermore,  the  rings  frequently  break.  If  for  the 
ordinary  ring  oiler  a  chain  with  a  large  arc  of  contact  is  substituted, 
preferably  a  window-cord  chain,  it  will  never  fail  and  will  bring  up 
ten  times  as  much  oil  as  a  ring  oiler.  While  this  is  a  small  point, 
any  machine  depends  more  on  the  perfection  of  its  detail  than  it 
does  on  the  theory  on  which  it  is  built. 

C.  P.  Crissey.'  There  is  one  type  of  the  small  turbine  to  which 
the  author  has  given  scant  space;  that  is,  the  small  condensing 
machine.  While,  perhaps,  the  field  is  not  so  wide  for  this  type  as  it 
is  for  snuill  turbines  exhausting  at  or  above  atmosphere,  it  cannot 
be  ignored.  Practically  all  marine  work  requires  condensing  prime 
movers,  and  many  small  stations  use  this  type.  Only  one  example 
of  a  condensing  machine  is  referred  to  by  the  author,  the  results  of 
tests  being  shown  in  Fig.  30.  It  would  be  a  mistake  to  consider  this 
curve  as  representative  of  small  condensing  turbines. 

2  Small  turbines  as  well  as  large  derive  great  benefit  in  economy 
from  high  vacuum,  and  a  vacuum  of  28  in.  is  easily  obtained  on  small 
machines  of  proper  design.  In  a  well-designed  small  turbine  the 
vacuum  shows  no  greater  tendency  to  fall  with  the  increase  of  load 
than  in  large  machines.  Why  the  Kerr  turbine  shows  a  loss  in 
vacuum  as  the  load  and  hence  steam  flow  increase,  we  are  imable  to 
tell  definitely  from  this  paper.  It  will  be  noted  that  the  steam  is 
discharged  from  the  buckets  on  each  side  of  the  wheels.  It  is  there- 
fore necessary  for  one-half  of  the  total  flow  to  pass  about  the  wheels 
in  order  to  reach  the  succeeding  nozzles.  Excessive  velocities  and 
throttling  will  occvu'  in  the  low-pressure  stages  where  the  volumes 
encountered  are  great,  unless  large  areas  are  provided  for  this  steam. 
I  understand  that  in  the  Kerr  turbine  this  throttling  is  obviated  as 
much  as  possible  by  providing  holes  in  the  wheels.  These  holes,  how- 
ever, increase  the  windage  loss. 

.3  One  of  the  reasons  for  abandoning  the  Riedler-Stumpf  turbine 
in  (jrermany  was  the  inability  of  its  buckets  to  handle  large  volumes 
of  steam  successfully.  The  same  objection  holds  against  all  machines 
of  the  Riedler-Stumpf  type. 

4  The  only  small  turbines  having  buckets  capable  of  caring 
eflficiently  for  large  volumes  of  low-pressure  steam  are  the  De  Laval 
and  the  Curtis  types.     The  DeLaval  turbine  is  seriously  handicapped 

'  General  Electric  Co.,  West  Lynn,  Mass. 
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by  its  high  rotative  speed,  while  the  Curtis  turbine,  due  to  its  pressure 
and  velocity  stages,  is  capable  of  moderate  speeds.  In  order  to  show 
that  the  results  of  Fig.  30  are  not  typical  of  all  small  condensing  tur- 
bines, I  will  say  that  Curtis  condensing  turbines  of  from  100  to  200 
h.p.  give  economies  of  18.5  to  15.5  lb.  of  steam  per  b.h.p.  hour  when  1 

operating  with  150  lb.  dry  steam  and  28  in.  vacuum. 

5  Regarding  the  curves  of  this  paper,  I  believe  they  should  be 
compared  at  rated  speed,  because  the  bucket  angles  are  designed  for 
this  speed.  The  rated  speed  may  be  taken  as  the  maximum  stated 
upon  the  curves. 

Chas.  B.  Burleigh  presented  a  comparison  of  water-rate  curves 
given  in  the  paper  with  a  view  to  determining  the  relative  efficiencies 
of  different  types  of  turbines.  As  the  results  derived  are  substan- 
tially in  accord  with  those  previously  given  in  a  discussion  upon  the 
paper  by  Richard  H,  Rice  at  the  Washington  meeting,  they  are  not 
here  published.  Originally  the  Curtis  buckets  were  milled  in  the 
wheel  peripheries,  said  Mr.  Burleigh,  but  experience  has  demon- 
strated that  where  any  perceptible  moisture  is  present  in  the  steam, 
steel  turbine  buckets  will  wear.  The  liability  of  operation  under 
wet  steam  conditions  is  much  more  common  in  small  steam  units 
than  with  large  ones,  as  superheaters  are  seldom  if  ever  installed  in 
small  plants,  pipes  are  seldom  covered  and  long  steam  mains  are 
usual.  For  this  reason  the  use  of  steel  buckets  in  the  Curtis  turbine 
was  abandoned  some  years  ago,  and  all  turbines  from  the  smallest 
to  the  largest  are  fitted  with  composition  buckets  upon  which  many 
years  of  use  with  wet  steam  has  no  appreciable  effect.  Mr.  Burleigh 
continued,  as  follows: 

2  The  paper  states  that  the  Sturtevant,  Bliss  and  Curtis  machines 
are  provided  with  emergency  governors.  It  would  be  interesting  to 
learn  if  the  Terry,  Dake  and  Kerr  are  not  similarly  equipped.  I 
should  feel  it  to  be  a  serious  handicap  against  their  successful  intro- 
duction. 

3  In  Par.  25,  the  [author  emphasizes  the  [reliability  of  this 
type  of  prime  mover,  which  to  my  mind  is  [the  Iprincipal  justifica- 
tion for  its  existence.  This  is  greatly  enhanced  by  its  simplicity. 
The  only  moving  parts,  other  than  the  shaft,  are  the  wheels;  and, 
like  the  hydraulic  turbine,  omitting  the  bearings,  in  no  part  of  the 
structure  is  moving  metal  brought  in  contact  with  stationary  parts. 
Can  anything  more  simple  be  conceived? 

4  In  Par.  22  is  the  statement  that  "  in  none  of  these  machines  is 
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clearance  an  important  factor."  This  is  characteristic  of  the  expand- 
ing-nozzle  turbine  regardless  of  size,  and  is  due  to  the  fact  that  in 
this  type  of  machine  all  steam  expanded  by  the  nozzles  is  at  a  pres- 
sure corresponding  to  the  stage  into  which  it  is  admitted;  therefore 
the  atmosphere  surrounding  the  buckets  is  of  a  uniform  density  and 
there  is  no  tendency  for  the  admitted  steam  to  change  its  course 
and  escape  into  an  atmosphere  of  less  density. 

5  I  wish  to  comment  on  the  author's  implication  in  Par.  33,  that 
the  small  turbine  is  less  efficient  than  the  high-speed  steam  engine, 
where  he  says:  "The  field  of  the  small  steam  turbine  is  somewhat 
narrow  when  compared  with  the  high-speed  steam  engine.  The 
small  turbine  has  its  place,  however,  and  with  the  development  of  a 
more  economical  machine  at  lower  speed  ranges,  will  have  a  much 
wider  field." 

6  I  will  readily  admit  that  its  present  speed  characteristics  limit 
its  field  in  comparison  with  the  high-speed  engine  to  the  extent  of 
the  mechanical  application  of  its  output;  but  I  will  not  admit  that 
the  present  efficiency  of  the  Cvirtis  type  in  any  way  limits  its  field  in 
comparison  with  the  high-speed  engine,  nor  do  T  think  the  author 
intended  it  to  be  so  understood.  But  to  obviate  any  possibility  of 
error,  I  will  call  attention  to  a  paper  presented  last  June  by  Messrs. 
Dean  and  Wood  before  this  Society  and  the  discussion  which  followed 
by  Messrs.  Young  and  Treat,  detailing  the  results  obtained  from 
water-rate  tests  of  some  14  high-speed  engines  of  different  design, 
which  had  been  in  service  three  months  or  longer.  As  these  water- 
rates  were  given  on  the  indicated  horsepower  and  on  the  kilowatt 
basis,  I  have  added  5  per  cent  for  friction  and  5  per  cent  to  the  water- 
rate  in  each  case,  to  facilitate  a  comparison  on  a  brake-horsepower 
basis  in  accordance  with  the  curves  forming  a  part  of  this  paper. 

7  Mr.  Dean's  figures  are  as  follows: 

Engine 12  2  3  4  4 

Capacity,h.p 129.5     106         167.4       153.3     167.68    224.7 

Water-rate,  lb 38  38.5       37.59       33.6       39.37       38.5 

Engine A  A  B  B  C  C 

Capacity,  h.p 178.8    286         108  144  77.9       116.8 

Water-rate,  lb 36.4      31  38.1         35.2       38.5        35.7 

8  Mr.  Young's  figures  are  as  follows: 

Engine 1  2  3  4  5  6 

Capacity,  h.p 70  30  28  130         123  45 

Water-rate,  lb 48.3       39.9       37.8        36.3      32.2        31.9 
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9  Mr.  Treat's  figures  are  as  follows: 

Engine 1 

Capacity,  h.p 30 

Water-rate,  lb 43 

10  In  order  to  compare  the  foregoing  water-rates  per  brake  horse- 
power with  the  curves  of  standard  turbines  of  the  Curtis  type,  as 
shown  by  the  curves  in  Fig.  28  and  Fig.  29  of  this  paper,  I  have 
tabulated  the  results,  placing  the  turbine  water-rate  under  the  water- 
rate  of  the  corresponding  capacity  of  engine,  and  we  have: 


Horsepower 28  30 

Eugine  water-rate 37.8  ,  39.9 

Curtis  water-rate 41        I  41 


45 

31.9 

32 


70 

48.3 

31 


77.9 
38.5 
31 


106 
38.5 
30 


108 
38.1 
30 


116.8 
35.7 
30 


Horsepower 129 . 5 

Engine  water-rate |     38 

Curtis  water-rate 30 


144 
35.2 
30 


153.3 
33.6 
29 


167.4 

167.68 

178.8 

224.7 

57.59 

39.37 

36.4 

38.5 

29 

29 

29 

29 

286 
31 
29 


11  It  will  be  noted  from  the  foregoing  that  on  the  smallest  sizes 
it  has  been  necessary  to  compare  the  half-load  water-rates  of  the 
turbine  with  the  full-load  water-rates  of  the  engine  for  the  reason  that 
the  smallest  Curtis  curve  in  the  paper  is  65  h.p.,  but  even  under 
these  conditions  the  average  of  the  four  smaller  engines  at  full  load 
is  only  0.85  of  a  pound  better  than  the  half-load  water-rate  of  the 
turbine. 

12  From  this  point  up  we  have  an  exact  comparison  and  at  no 
point  does  the  engine  water-rate  begin  to  compare  with  that  of  the 
turbine.  The  nearest  approach  to  it  is  at  150  h.p.,  and  here  the  tur- 
bine is  5  per  cent  better.  The  widest  margin  is  at  160  h.p.,  where 
the  turbine  is  36  per  cent  better,  while  the  average  from  70  to  250  h.p. 
shows  the  turbine  to  be  22  per  cent  more  efficient  than  the  engine. 

13  The  paper  states  that  these  curves  were  obtained  from  the 
manufacturers  and  apply  to  new  machines,  while  the  engines  were 
tested  in  service  and  had  been  in  use  for  some  time.  The  discrepancy, 
thei-efore,  between  the  actual  water  rates  obtained  and  the  builders' 
guarantees  on  which  it  is  customary  for  these  engines  to  be  sold, 
would  lead  one  to  infer  that  the  engines  deteriorated  with  use. 

14  On  the  other  hand,  the  Curtis  turbine  does  not  fall  off  in  effi- 
ciency due  to  long  service,  nor  is  its  efficiency  affected  by  adjust- 
ments.    In  this  connection  I  will  refer  to  the  statement  made  by 
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Professor  Carpenter  in  discussing  this  paper  at  the  Washington 
meeting  that  he  had  tested  a  75-kvv.  Curtis  turbine  which  had  been 
in  service  some  7000  hr.  and  the  results  were  not  materially  different 
from  those  presented  by  a  new  machine  of  the  same  capacity  and 
design, 

W.  J.  A.  London.  From  Mr,  Burleigh's  remarks  it  is  apparent 
that  I  did  not  make  myself  clear  in  connection  with  the  curve  men- 
tioned by  me  eai'lier  in  the  discussion;  namely,  a  comparison  between 
Fig.  25  and  Fig.  28.  In  making  this  curve,  I  used  only  absolute  tests 
according  to  the  figures  mentioned  and  made  no  deductions  what- 
ever except  in  the  question  of  relative  peripheral  speeds.  If  the 
curves  plotted  in  Fig,  28  are  reproduced  for  a  series  of  full-load  points 
on  a  speed  basis,  a  positive  curve  will  be  formed.  On  this  curve  is 
plotted  the  two  full-load  tests  shown  in  Fig.  25.  Now,  then,  as  there 
are  only  two  points  given  in  the  Terry  tests,  it  is  impossible  from  these 
tests  to  obtain  the  nature  of  the  curve,  but  the  point  I  particularly 
wished  to  bring  forward  was  that  these  two  points  practically  coin- 
cide,— one  test,  as  a  matter  of  fact,  being  better  and  one  worse, — 
both  of  them  being  so  near  the  Curtis  curve  as  to  make  little  difference. 
They  are  not  so  far  away  as  Mr.  Rice  would  have  us  believe  from  his 
diagram. 

2  Mr.  Biu'leigh  raised  the  point  as  to  whether  emergency  gover- 
nors were  fitted  on  other  makes  of  turbines  besides  the  Curtis.  Par- 
ticularly with  the  Terry  turbine  and  I  believe  with  the  majority  of 
the  other  makes,  an  emergency  governor  is  not  provided  for  the 
reason  that  a  positive  type  of  governor  is  fitted  on  the  main  shaft. 
The  worst  that  can  happen  is  the  breaking  of  a  spring,  which  would 
immediately  close  the  valve.  With  a  governor  driven  by  a  gear 
shaft  an  emergency  governor  is  more  essential  for  the  reason  that 
the  gears  are  likely  to  break;  hence  some  form  of  governor  is  used 
on  the  main  shaft.  If  the  direct-connected  governor  on  the  main 
shaft  is  likely  to  get  out  of  order,  why  then  is  the  emergency  governor 
not  likely  to  get  out  of  order  when  placed  in  the  same  position?  Up 
to  the  present  time  the  Terry  Turbine  Co.  has  not  had  a  machine 
burst,  and  with  the  type  of  governor  adopted  and  the  speeds  em- 
ployed, the  designers  consider  an  emergency  governor  an  unneces- 
sary luxury. 

R.  H.  RiCE  Mr,  London  claims  that  the  steam  consumption  of 
the  Terry  turbine  is  the  same  as  that  of  the  Curtis  turbine,  when 
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operating  the  Terry  turl^ine  at  its  designed  speed  and  reducing  the 
speed  of  the  Curtis  turbine  to  two-thirds  of  its  designed  speed  of 
3600  r.p.rn.  The  inaccuracy  of  this  comparison  can  be  readily 
understood  when  it  is  known  that  the  angles  of  the  buckets  in  the 
Curtis  turbine  would  be  radically  changed  if  designed  to  run  at  two- 
thirds  of  the  present  rated  speed. 

2  In  discussing  emergency  governors,  it  must  be  realized  that 
we  are  dealing  with  much  higher  speeds  than  those  usual  with  recip- 
rocating engines.  It  has  been  found  best  in  many  plants  to  install 
emergency  governors  on  reciprocating  engines.  If  this  is  desirable 
on  slow-speed  apparatus,  how  much  more  desirable,  and  even  neces- 
sary, is  it  on  high-speed  apparatus  like  steam  turbines.  Many  other 
accidents  besides  the  breaking  of  a  spring  can  happen  to  a  positive 
type  of  governor  fitted  to  the  main  shaft,  and  any  one  of  these  is  suffi- 
cient, to  cause  a  dangerous  increase  in  speed  of  the  turbine.  An 
emergency  governor  can  be  made  to  possess  the  utmost  certainty 
and  reliability  of  action,  since  its  function  is  to  shut  down  a  machine 
and  not  to  regulate  its  speed. 

J.  H.  LiBBEY.  The  applications  of  small  steam  turbines  men- 
tioned by  the  author,  except  for  driving  high-pressure  fans,  refer  to 
uses  with  auxiliary  apparatus  in  a  central  power  station.  For  this 
purpose  a  small  steam  turbine  must  be  considered  in  competition 
with  a  reciprocating  engine,  and  in  general  the  choice  will  be  decided 
by  the  following  considerations:  First  cost,  attendance  required, 
maintenance  and  repairs,  space,  economy  and  influence  on  design 
of  power  station. 

2  First  Cost.  At  present,  when  the  service  permits  operation  at 
speeds  approximating  those  for  which  the  turbine  was  designed,  the 
cost  of  the  turbine  is  somewhat  lower  than  that  of  a  corresponding 
reciprocating  engine. 

3  Attendarice  Required.  The  attendance  required  for  a  small 
steam  turbine  is  less  than  that  required  for  any  other  type  of  steam 
machinery.  It  approaches  very  closely  that  required  for  an  electric 
motor. 

4  Maintenance  and  Repairs.  In  Par.  32,  the  author  indicates 
that  small  turbines  have  been  running  for  only  three  years.  Ob- 
viously in  this  time  no  data  of  great  value  could  be  obtained  to  enable 
a  decision  to  be  made  in  regard  to  maintenance  and  repairs.  The 
evidence,  however,  strongly  indicates  that  they  will  be  materially 
less  than  for  a  reciprocating  engine. 
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5  Space.  Steam-turbine-driven  apparatus  is  generally  charac- 
terized by  the  small  space  required.  In  a  great  many  cases,  a  tur- 
bine unit  can  be  installed  where  a  reciprocating  engine  would  be 
impossible. 

6  Econo7ny.  An  inspection  of  Fig.  28  and  Fig.  29  shows  that  for 
the  best  conditions  a  turbine  can  deliver  a  horsepower  with  as  little 
steam  as,  or  less  steam  than,  the  same  size  reciprocating  engine.  In 
installations  where  the  conditions  are  not  favorable,  the  economy  is 
reduced.  Unfavorable  conditions  for  a  steam  turbine  are  low  super- 
heat, low  steam  pressure,  high  back  pressure  or  reduced  speed  of  the 
turbine,  on  account  of  the  characteristics  of  the  driven  machine. 
The  last  condition  is  the  most  likely  to  cause  reduction  in  the  economy. 

7  It  should  be  borne  in  mind  that  in  the  ordinary  large  central 
station  where  fairly  large  generating  units  are  installed,  the  steam  con- 
sumption of  the  auxiliaries  does  not  in  general  amount  to  more  than 
10  per  cent  of  that  of  the  main  generating  units.  In  such  cases,  the 
auxiliary  exhaust  will  heat  the  feed  water  to  about  175  or  180  deg. 
fahr.  A  considerable  increase  of  steam  consumption  of  the  auxil- 
iaries can  be  permitted  before  there  is  sufficient  exhaust  to  heat  the 
feed  water  to  212  deg.  fahr.  In  most  cases,  therefore,  the  steam 
consumption  of  these  small  auxiliaries  is  a  matter  of  secondary  con- 
sideration. 

8  In  the  various  auxiliaries  generally  used  the  inherent  conditions 
which  would  affect  the  steam  consumption  would  be  in  general  as 
follows: 

Exciter,  favorable. 

Circulating  pump,  speed  low  for  best  results. 

Hot-well  pump,  favorable. 

Forced  or  induced-draft  fans,  speed  low  for  best  results;  special 

design  of  fan  required. 
Feed  pump,  speed  low;  however,  the  steam  consumption  of 

a  turbine-driven  multistage  centrifugal  feed  pump  is  much 

lower  than  that  of  a  reciprocating  pump  of  the  same 

capacity. 

9  In  tills  connection  Mr.  Orrok's  statement  in  Par.  32,  that  there 
beems  to  be  no  change  in  steam  use  with  length  of  service  is  of  impor- 
tance as  it  is  well  known  that  the  steam  consumption  of  engines  or 
pumps  increases  greatly  with  wear  of  valves,  rings,  pistons,  cylinders, 
etc. 

10  Many  central  stations  are  today    operating   the    auxiliaries 
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with  superheated  steam.  Very  few  changes  are  required  in  the 
structure  of  a  steam  turbine  to  adapt  it  to  superheated  steam  by  the 
use  of  which  the  economy  is  improved.  The  reciprocating  engine 
gains  in  economy  from  superheat,  but  greater  changes  in  the  design 
are  required  to  obtain  satisfactory  operation,  and  the  expense  of  the 
engine  is  therefore  increased. 

11  Influence  of  Design  on  Power  Stition.  Turbine-driven  exciters 
ai'e  generally  light  in  weight  and  compact.  They  can  be  set  on  the 
engine-room  floor  without  a  heavy  foundation  or  resulting  vibration. 

12  Circulating-pump  units  are  of  simple  design.  In  many  cases, 
a  coml^ination  of  auxiliaries  may  often  be  effected.  There  is  on  the 
market  a  jet  condenser,  the  centrifugal  pump  and  air  pump  of  which 
are  on  the  same  shaft  with  the  turbine.  When  in  surface-condenser 
work  the  conditions  are  such  that  the  speed  of  the  circulating  pump 
is  subject  to  little  variation,  the  turbine,  circulating  pump,  and  hot- 
well  pump  can  be  mounted  on  the  same  shaft.  One  manufacturer 
is  prepared  to  add  a  rotary  vacuum  pump  to  these,  either  direct- 
connected  or  chain-driven.  This  arrangement  gives  practically  one 
auxiliary  for  a  surface  condenser  in  place  of  three. 

13  Future  Designs.  The  small  steam  turbine  has  sufficiently  justi- 
fied its  existence.  The  future  will  undoubtedly  show  types  with 
improved  economy,  especially  at  reduced  speeds,  simplicity  of  design, 
rugged  characteristics,  ability  to  operate  without  attention,  interior 
construction  that  is  easily  accessible  and  such  that  few  repairs  due 
to  wear  are  required. 

The  Author.  The  author  is  greatly  pleased  with  the  reception 
accorded  his  paper  and  the  amount  of  discussion  which  it  brought 
out.  He  must  take  exception  to  a  comparison  of  water  rates  plotted 
on  percentages  of  load  as  al^scissse,  and  a  new  diagram  has  been  pre- 
pared, Fig.  1,  showing  the  results  of  all  the  water-rate  curves  plotted 
with  bucket  speed  or  peripheral  velocity  as  abscissae,  obviously  a 
nuicli  better  measure  of  the  performance  of  these  machines.  The 
author  would  like  to  take  up  the  question  of  improper  entrance  and 
discharge  bucket  angles  in  machines  of  the  Riedler-Stumpf  type, 
as  well  as  the  fluid  friction  question,  both  mentioned  in  the  discussion 
of  Mr.  Rice ;  but  these  should  l^e  the  subject  of  a  mathematical  paper  and 
are  not  of  serious  importance  in  a  snuill  turbine.  The  author  agrees 
with  Pi'of .  Carpenter  rather  than  with  Mr.  Rice  as  to  the  future  of  the 
"  reaction"  type  of  turbine.  He  feels  that  Mr.  Ball  has  failed  to  grasp 
the  fact  that  with  small  rotating  masses  speeds  of  from  600  to  3000 
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r.p.tn.  are  not  as  objectionable  as  a  t^peecl  of  150  r.p.m.  in  a  modern 
four-valve  engine,  oi-  100  double  strokes  per  minute  in  a  direct-acting 
pump. 

2  Replying  to  Pi'of.  Mollis' discussion,  the  author  knows  of  many 
{)ower  }:)lants  where  entire  reliance  is  placed  on  turbine-driven  nuilti- 
stage  centrifugal  pumps  for  feed-water  service.  He  Imows  of  no 
case  where  an  attempt  has  been  nuide  to  find  the  coal  consumption 
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of  the  feed  pumps  directly;  in  other  words,  the  duty  of  the  pumps. 
It  has  usually  been  obtained  through  the  steam  consumption  with  a 
knowledge  of  the  evaporation  constant  of  the  plant.  The  use  of 
Venturi  meters  in  the  feed  lines  and  in  the  steam  connections  to  the 
turbine-driven  feed  pumps  would  give  this  duty  directly,  and  a  partial 
installation  of  this  nature  has  been  made  at  the  Waterside  Station  of 
the  New  York  Edison  Company. 
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GAS  POWER  SECTION 

DISCUSSION  PRESENTED  AT  WASHINGTON  MEETING 

REPORT  ON  GAS  PRODUCER  DEVELOPMENT  ABROAD 

C.  L.  Straub.^  We  have  received  reports  from  abroad  of  progress 
in  the  marine  gas-producer  field,  a  summary  of  which  I  hope  will 
prove  of  interest. 

2  In  Holland  teaming  is  practically  unknown  and  local  freight 
trains  are  never  run,  the  canals  being  used  for  moving  freight  from 
one  city  to  another  or  between  different  parts  of  the  same  city. 
The  canal  barges  range  from  40  ft.  in  length,  with  an  8-ft.  beam, 
drawing  3  ft.  of  water,  to  150  ft.  in  length,  with  a  20-ft.  beam,  drawing 
6  ft.  of  water.  The  majority  of  the  barges  are  hand-propelled,  about 
9  per  cent  have  steam  equipment,  while  about  6  per  cent  are  pro- 
pelled by  gas  engines.  Of  the  last-named,  a  few — about  |  of  1  per 
cent — use  gas  producers,  the  others  using  liquid  fuel. 

3  The  gas-engine  barges  range  in  size  from  40  ft.  to  130  ft.,  the 
engines  from  10-h.p  to  300-h.p.,  and  the  engine  speed  from  250  r.p.m. 
for  the  larger  to  400  r.p.m.  for  the  smaller  engines.  The  reason  for 
the  small  number  of  power  boats  is  the  great  scarcity  of  fuel.  Holland 
is  without  coal  mines  or  any  natural  growth  of  timber.  Hence  coal 
is  expensive  and  difficult  to  obtain,  though  wood  is  more  plentiful  as 
large  quantities  of  lumber  are  shipped  in  from  Germany.  Peat  is 
used  a  great  deal,  while  compressed  peat  and  some  domestic  and 
imported  briquettes  are  burned  to  some  extent. 

4  The  gas-engine  boats  using  liquid  fuel  are  more  handicapped  by 
fuel  conditions  than  the  steamboats  are.  The  Standard  Oil  Co. 
supplies  fuel  in  a  few  large  cities  such  as  Amsterdam  and  boats  of 
large  power  can  work  around  these  fuel  depots  only.  This  limit  to  the 
radius  of  action  prevents  the  extensive  equipment  of  boats  with  gas 
engines  operating  on  liquid  fuel. 

5  The  producers  installed  on  the  comparatively  small  number  of 
boats  include  principally  modifications  of  standard  Gef  man  stationary 
types.     They  are  not  successful  and  apparently  cannot  be  made  to 

*  C.  L.  Straub,  Loomis,  Pettibone  Co.,  New  York. 
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give  continued  good  results  with  the  fuels  available.  Producers  that 
will  operate  economically  on  peat,  wood,  briquettes  or  poor  coal,  and 
require  little  attention,  are  in  great  demand.  The  engines  are  giving 
satisfaction.  Boat  owners  want  gas-engine  equipments  but  not  for 
use  with  liquid  fuel. 

6  Herr  Schichlam,  a  large  ship-builder  of  Scheidens,  could  prob- 
ably be  induced  to  try  an  American  producer,  which  if  successful 
would  result  in  a  large  number  of  orders.  There  is  a  great  demand  for 
gas-producer  equipment  of  capacities  up  to  300-h.p,  for  inland  water- 
way traffic,  and  for  capacities  up  to  600-h.p.  for  general  inland  and 
foreign  traffic.  Holland  thus  offers  an  attractive  field,  because  success 
with  these  small  capacities  will  open  the  way  for  larger  equipments. 

7  It  is  reported  that  the  Capitaine  Company  in  Germany  are  mak- 
ing tests  of  a  bituminous  coal  gas  producer,  which  will  continue  up  to 
September,  1909.  The  superintendent  of  the  company  stated  that 
although  bituminous  coal  gas  producers  were  used  extensively  in  shore 
installations,  the  gas  was  not  pure  enough  and  was  not  suitable  for 
marine  gas  engines.  A  long  run  cannot  be  made  with  any  bitumin- 
ous producer  yet  designed.  Ship  conditions  are  entirely  different 
from  those  of  stationary  work. 

8  A  test  run  of  two  tug-boats  was  made  from  Hamburg  to  Kiel 
and  return,  one  boat  having  a  steam  equipment,  and  the  other  a  gas- 
producer  equipment.  The  results  are  shown  in  Table  1.  The 
weather  was  rough  and  the  speed  maintained  8^  knots  an  hour. 
The  coal  consumption  for  a  period  of  10  hours  was  as  follows:  Gastug, 
530  lb.  anthracite  coal;  Elfrieda,  1820  lb.  bituminous  coal;  an  econ- 
omy in  coal  consumption  of  nearly  3.5  to  1  in  favor  of  the  gas-pro- 
ducer equipment. 

TABLE  1     COMPARISON  OF  STEAM  AND  GAS  PRODUCER  EQUIPMENTS 


Gas 

Steam 

Name 

Gastug 

Elfrieda 

Length 

44  ft.  3  in. 

47  ft. 

Beam 

10  ft.  6  in. 

12  ft. 

Horsepower 

4  cyl.,  70  b.h.p 

Triple-Exp.,  75  b.h.p 

Towing 

meter  pull 

2140  lb. 

2020  lb. 

9  In  discussing  the  possibilities  of  the  gas  engine  and  producer 
for  marine  use,  Herr  P'lohn,  of  Germany's  largest  shipyard,  the  Stet- 
tiner  Machinenbau  Actien-Gesellschaft  Vulcan-Stettin,  said  that  he 
was  opposed  to  gas-engine  propulsion  for  ships  for  the  following  rea- 
sons: 
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a  The  successful  operation  of  a  bituminous  producer  has  not 
yet  been  demonstrated  to  unprejudiced  marine  engineers. 

h  The  engine  will  quickly  follow  the  producer  when  the 
latter  has  been  perfected,  but  starting,  rev-ersing  and 
cooling  must  be  thoroughly  considered.  The  engines 
must  be  designed  by  mai'ine  engineers  and  not  by  designers 
of  stationary  gas  engines. 

c  The  multiplicity  of  gas-engine  cylinders  and  the  large  floor 
space  needed  are  serious  disadvantages.  The  engines 
are  absolutely  inaccessible  as  compared  with  the  modern 
marine  steam  engine.  An  important  requirement  is  that 
the  gas  engines  shall  be  double-acting  and  shall  run  at  the 
same  speed  as  steam  engines  of  equal  capacity. 

d  Whatever  would  he  saved  in  smoke  stacks  and  breeching 
would  be  more  than  offset  by  the  large  ventilating  air  duct 
in  the  fire  room. 

10  Herr  Blohn,  of  Blohn  &  Voss,  shipbuilders  of  Hamburg,  said 
that  though  his  company  were  using  gas  to  operate  a  part  of  their 
works  they  had  not  developed  any  bituminous  producers  which  they 
thought  suital)le  for  marine  use.  While  there  were  stationary  engi- 
neers in  Germany  who  thought  they  had  developed  such  a  producer, 
marine  engineers  had  not  yet  seen  any  outfit  which  thej^  would 
endorse. 

1 1  Herr  Korting  has  established  a  marine  department  at  Kiel,  and 
has  practically  a  monopoly  of  the  government  submarine  work.  He 
is  experimenting  and  preparing  to  take  up  larger  work.  The  Ger- 
man government  has  decided  to  adopt  gas-engine  boats  for  all  war- 
ship launches,  pinnaces,  videttes,  portable  torpedo  boats,  and  the  like. 

12  The  Niirnberg  Company  (\'ereinigte  Machinenfabrik  Augs- 
burg und  Machinenlnu-g  Gesellschaft  Niirnberg  A.G.)  have  installed  a 
numl)er  of  small  Diesel  oil  engines  for  marine  use.  Both  suction  and 
pressure  producers  are  built  by  them.  As  to  fuel,  the  company  states 
that  anthracite,  coke,  charcoal  and  lignite  briquettes  are  the  most 
suitable  for  producers.  Efforts  to  gasify  raw  pit  coal  have  not  been 
entirely  successful,  at  least  in  medium  and  small-sized  plants. 

13  In  Great  Britain,  Vicker  Sons  &  Maxim,  Ltd.,  have  built  40,000 
h.p.  of  marine  high-speed  gas  engines.  Plans  have  been  drawn  for  an 
oil-engine  torpedo-boat  destroyer  of  about  30  knots  speed.  With  the 
same  dimensions  and  speed,  the  oil-engine  destroyer  saves  enough 
weight  and  space  so  that  the  armament  may  be  increased  from  the 
one  12-11).  and  five  6-lb.  rapid-fire  guns  of  the  steam  destroyer  to  four 
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38-11).  and  (wo  (5-11  >.  I'apid-fiic  guns.  Moreover  the  (luantity  of 
ammunition  (number  of  rounds  j)er  gun)  is  the  same  for  both  boats, 
although  the  guns  and  amnumition  per  round  of  the  oil-engine 
destroyer  are  much  heavier  than  those  of  the  steam-engine  destroyer. 
Sufficient  fuel  capacity  is  provided  to  allow  a  speed  of  30  knots  an 
hour  with  a  radius  of  acticni  Qh  times  greater  than  that  of  the  steam- 
driven  destroyer.  Also  more  space  below  decks  allows  supeiior 
accommodations  for  the  crew. 

14  An  outline  of  a  proposed  gas-engine  propelled  battleship  is 
shown  in  Fig.  1.  Here  also  tlie  advantage  in  weight  over  a  steam 
equipment  made  a  heavier  armament  possible.  Each  propeller  is 
driven  by  a  10-cylinder  vertical  gas  engine.     The  air  compressors  are 


A~Gas  Producers 
C=Air  Coiiiprossors 


B=Gas  Enginos 

D  =  SheU  Room  (Aiiiiiiouition) 


K  -  PrupelkTs 

Fig.  1     Proposed  Gas- Engine  Propelled  Battleship 


driven  by  gas  engines.  Oil  engines  drive  the  generators  for  supply- 
ing current  for  lighting,  and  for  operating  motors  driving  the  stear- 
ing  gear,  windlass,  pumps,  etc.  Table  2  antl  Table  3  show  the  differ- 
ence in  weight  with  steam,  gas,  and  oil  equipments,  and  the  differ- 
ence in  armament  with  steam  and  gas  equipments, 

15  From  a  mihtary  standpoint  the  gas  equipment  shows  great 
superioi'ity  in  point  of  magazine  location  and  accessibility.  The 
l)enefit  derived  from  the  absence  of  boiler  breeching  and  funnels  is 
very  marked.  Without  increasing  the  length  of  the  ship,  the  turrets 
may  be  so  disposed  that  the  ten  guns  may  be  fired  broadside  on  either 
side.  A  further  advantage  is  that  the  temperature  of  the  machinery 
space  is  low^ered  and  few^er  difficulties  are  involved  in  the  satisfactory 
heat,  isolation  and  ventilation  of  the  adjacent  magazine. 

16  A  marine  gas-producer  equipment  built  by  the  Beardmore 
Company  under  the  Capitaine  patents  was  tried  out  with  satisfactory 
results.     The  capacity  of  the  plant  was  70  h.p.,  the  engine  having 
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four  cylinders  8|  in.  in  diameter  and  of  11-in.  stroke.  The  weight 
of  the  whole  was  slightly  over  13  440  lb.  The  equipment  was  installed 
in  a  launch  60  ft.  long  and  of  10-ft.  beam.  A  10-mile  run  was  made 
in  one  hour  without  recharging  the  producer. 


I 


TABLE  2     COMPARISON  OF  WEIGHT 


I  Steam  |       Gas  Oil 

Engink  Mac'hinkry  Engine 

I.h.p 16,000              16,000  16,000 

Weight  of  propelling  machinery  with  auxiliaries,  toiLS 1,5S5                1,105  750 

I.h.p.  per  ton  wt.  of  machinery 10.1               14.48  21.33 

Area  occupied  by  machinerj',  sq.  ft i         7,250  i         5,850  I  4,110 

Area  per  i.h.p.,  sq.  ft '        0.453  '       0.366  '  0.257 

Fuel  consumption  in  pounds  per  i.h.p.  per  hour,  based  on 

experience  to  date,  at  full  power,  pounds 1.6                1.0  0.6 

At  i  power  pounds 1       1 .  66  j       1.15  0.75 


TABLE  3    COMPARISON  OF  ARMAMENT 
Steam  and  Gas-Dkiven  Battleships 


Steam 


Gas 


No.  of  12  in.  guns. 
No.  of  10  in.  guns. 
No.  of  6  in.  guns. . 
No.  of  4  in.  guns. . 


4 

4 

12 


10 


18 


Note. — The  weight  of  a  10-in.  gun  is  55  per  cent  of  that  of  a  12-in.  gun. 


17  The  Beardmore  Company  have  been  experimenting  with  bitu- 
minous coal  for  some  time,  but  have  not  yet  been  able  to  obtain 
satisfactory  results,  owing  to  tar  and  clinker  troubles. 


MARINE  PRODUCER  GAS  POWER 

By  C.  L.  Straub/  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

This  paper  treats  of  the  conditions  operating  against  the  earlier 
adoption  of  producer-gas  power  for  marine  service,  together  with 
marine  gas-power  plants  in  operation  at  present.  All  of  the  present 
plants  are  adapted  only  for  anthracite  coals  or  other  low  volatile 
fuels  and  there  is  a  necessity  for  a  good  marine  bituminous  gas-pro- 
ducer plant. 

The  author  compares  the  up-draft  and  dowm-draft  system  of  sta- 
tionary producer-gas  apparatus,  showing  the  relative  adaptability 
of  both  for  marine  service.  A  down-draft  plant  modified  for  marine 
service  is  also  described. 

The  drawings  of  a  306-ft.  boat  fitted  with  a  1000-h.p.  steam  plant 
are  given  as  a  comparative  example,  having  been  modified  to  include 
the  installation  of  a  complete  producer-gas  power  plant,  with  figures 
showing  the  space  occupied  and  the  weight  of  the  complete  apparatus 
in  each  case.' 

The  paper  states  that  a  300-h.p.  marine  producer-gas  power  plant 
of  this  type  has  been  in  operation  for  some  time. 

DISCUSSION 

George  Dinkel.  I  would  like  to  ask  the  author  if  there  are  any 
gas-producers  workingwith  the  small  grades  of  the  steam  sizes  of 
anthracite  coal,  such  as  No.  3,  2  and  1  buckwheat,  especially  as  he 
states  in  Par.  8  that  there  are  in  commercial  operation  in  this  country 
today  two  distinct  types  of  stationary  power  gas-producers  suited  by 
their  design  for  operation  on  almost  any  class  of  solid  fuel.  Where 
are  those  producers  being  used  on  the  same  grade  of  steam  sizes,  and 
what  has  been  the  result? 

Henry  Penton.^  As  the  members  probably  know,  freight  is 
carried  on  the  Great  Lakes  at  a  lower  cost  than  anywhere  else  in  the 

'C.  L.  Straub,  Loomis-Pettibone  Co.,  New  York. 
*  Henry  Penton,  Babcock  &  Penton,  Cleveland,  O. 
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world,  and  over  75  per  cent  of  the  merchant  steam  tonnage  of  the 
United  States  is  built  on  the  Great  Lakes.  We  are,  of  course,  con- 
stantly seeking  methods  of  reducing  carrying  costs,  and  so  far  as  the 
ship  is  concerned  the  most  important  item  of  expense  is  that  of  power. 
We  have  for  some  time  been  firm  believers  in  gas  power:  power  for 
propulsion,  however,  is  only  one  of  the  problems  to  be  met;  the  prob- 
lem of  the  application  of  gas  power  to  the  auxiliary  service  has  given 
us  more  concern.  At  present  ovn-  ships  are  handled  entirely  by  steam, 
both  in  port  and  out,  and  we  must  have  power  available  at  all  times. 

2  We  believed  we  could  depend  upon  the  combustion  engineer  to 
perfect  the  producer  gas  engine  .when  the  opportunity  arrived;  but 
it  has  arrived  and  while  we  believe  the  producer  to  be  satisfactory 
we  are  not  yet  satisfied  with  the  engine. 

3  We  first  considered  the  installation  of  gas  power  in  one  of  our 
modern  ships  where  the  average  horsepower  (indicated)  is  in  the 
neighborhood  of  2000,  but  subsequently  decided  to  select  a  smaller 
type,  believing  that  we  should  practice  creeping  before  walking. 
While  the  ship  to  which  the  author  has  alluded  represents  the  best 
standard  practice  in  design,  she  is  not  a  representative  lake  steamer 
in  that  she  is  relatively  small.  Her  engines  develop  approximately 
1000  i.h.p.  Her  carrying  capacity  is  about  4080  tons  on  18  ft., 
while  our  modern  ships  run  to  12,000  and  13,000  tons  on  the  same 
draft.  The  fuel  is  necessarily  bituminous  coal,  fairly  uniform  in  heat 
value  and  averaging  about  13,500  B.t.u.  Anthracite  and  coke  are  out 
of  the  question  both  as  to  delivery  and  cost. 

4  It  should  be  noted  that  the  fuel  consumption  given  by  the 
author  includes  fuel  used  for  all  purposes  aboard  ship  charged  against 
the  actual  indicated  horsepower.  This  is  the  customary  method  of 
stating  the  consumption  and  is  used  merely  for  purposes  of  compari- 
son. The  propelling  engines  actually  do  their  work  on  an  average  of 
1.5  lb.  to  1.65  lb.  per  i.h.p.  per  hr.,  including  the  auxiliaries. 

5  In  Par.  25  mention  is  made  of  the  installation  of  a  50-kw.  (Urect 
current  generator.  I  think,  however,  it  will  be  necessary  to  use  at 
least  two  of  this  size,  depending  somewhat  on  the  method  adopted 
for  handling  the  windlass,  which  calls  foi'  the  largest  individual  motor 
of  any  of  the  apparatus.  There  must  be  no  such  thing  as  a  generator 
shutdown.  As  just  stated,  every  function  of  the  ship,  including 
propulsion,  is  now  performed  by  steam,  and  power  must  be  available 
every  instant  from  the  time  the  ship  goes  into  commission  in  the  spring 
until  she  is  laid  up  the  following  winter.  If  we  take  out  steam  we 
must  provide  something  just  as  available  in  its  place.     While  a  great 
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part  of  the  time  the  output  will  be  small,  we  nuist  be  uble  to  take  care 
of  the  maximum  requirements. 

6  It  may  be  wondered  why,  as  stated  in  Par.  26,  the  auxiliary 
boiler  is  required  for  heat  and  for  washing  down  decks.  These  ships 
run  imtil  well  into  the  winter  and  when  the  weather  becomes  severe 
the}'  ice  up  l)adly,  and  it  is  not  uncommon  to  make  port  with  200  or 
300  tons  of  ice  aboard.  The  quickest  method  of  clearing  away  is 
with  the  hot-water  hose.  I  hope  we  shall  be  able  to  use  the  exhaust 
gases  for  generating  steam  at  sea  and  thus  operate  the  boiler  without 
the  use  of  coal ;  but  I  do  not  yet  know  whether  this  is  feasible. 

7  With  reference  to  figuring  the  elimination  of  cost  in  two  years, 
the  023eration  is  brought  about  in  this  way:  some  of  our  ships  get  in 
more,  some  not  so  many,  but  the  average  is  not  far  from  20  round 
trips  per  year;  and  taking  into  consideration  the  reduction  in  weights, 
which  means  additional  revenue-producing  cargo  capacity;  reduced 
space,  ^vhich  in  some  trades  is  also  additional  cargo  capacity;  and 
reduction  in  fuel,  which  is  both  reduced  expense  and  additional  cargo, 
I  have  succeeded  in  convincing  myself  that  we  can  get  even  in  about 
1^  seasons;  but  two  seasons  is  perfectly  satisfactory,  and  you  can 
readily  see  that  the  addition  of  one  or  more  trips  in  the  year  will  go  a 
long  way  toward  the  extinction  of  that  cost. 

Irving  E.  Moultrop.  Examination  of  Table  1  gives  some  very 
interesting  information.  It  is  rather  surprising  that  the  total  weight 
of  the  complete  gas-power  plant  is  so  much  less  than  that  of  the  steam 
plant.  Of  course,  the  steam  plant  has  a  number  of  auxiliaries  which 
the  gas  plant  does  not  require,  and  these  auxiliaries  are  quite  heavy, 
yet  up  to  the  present  time,  in  stationary  practice,  the  total  weight  of 
a  gas  engine  has  been  very  much  in  excess  of  that  of  a  steam  engine  for 
the  same  power.  The  two  prime  movers  discussed  in  this  paper  oper- 
ate at  the  same  revolutions  per  minute,  so  one  would  naturally  assume 
that  the  extra  weight  in  the  gas  engine  would  go  far  toward  making 
up  for  the  saving  in  weight  due  to  the  omitting  of  a  number  of  steam 
engine  auxiliaries.  As  the  total  weight  of  the  gas  engine  room  machin- 
ery is  only  about  60  per  cent  of  that  of  the  steam  engine  room  machin- 
ery, one  naturally  wonders  if  the  factor  of  safety  in  the  gas  engine 
design  has  not  been  reduced  to  save  weight,  or  if  this  is  not[the  case,  if 
some  special  weight-saving  features  have  not  been  introduced  in  the 
gas  engine  design,  which  might  have  been  used  to  equal  advantage  in 
he  steam  engine. 

2     Comparing  the  producer  room  with  the  boiler  room  it  is  inter- 
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esting  to  note  that  the  total  grate  area  of  the  producers  is  only  about 
five-sixths  of  that  of  the  steam  boilers.  Stationary  practice  has 
shown  that  the  best  producer  results  are  obtained  at  a  very  much 
lower  rate  of  combustion  per  square  foot  of  grate  than  in  good  steam 
boiler  practice.  It  would  be  interesting  to  know  how  the  engineer  of 
the  gas  power  plant  expects  to  obtain  capacity  out  of  its  producers 
when  the  full  consumption  per  square  foot  of  grate  area  in  the  pro- 
ducer will  exceed  what  is  considered  good  practice  on  the  grate  of 
steam  boilers. 

3  In  comparing  the  total  weight,  machinery  and  fuel,  in  the  gas- 
power  plant  with  the  steam  plant,  and  also  the  total  space  occupied, 
it  should  be  noted  that  in  the  gas  plant  the  bunker  capacity  is  less 
than  half  that  in  the  steam  plant. 

Herbert  M.  Wilson.^  Perhaps  it  would  not  be  a  breach  of  con- 
fidence for  Mr.  Straub  to  tell  us  something  concerning  the  gas  producer 
for  the  new  non-magnetic  vessel  of  the  Carnegie  Institute.  This 
vessel  is  being  constructed  with  as  little  iron  as  possible,  for  use  in 
magnetic  surveys;  and  I  understand  the  gas  producer  and  gas  engine 
were  selected  for  auxiliary  power  because  of  the  small  weight  of  metal 
required  and  the  possibility  of  substituting  bronze  and  other  non-mag- 
netic metal  for  iron  and  steel.  Their  vessel  is  about  to  be  launched, 
and  perhaps  Mr.  Straub  could  tell  something  of  the  gas  producer  engine 
plant  which  is  under  construction  for  actual  operation. 

E.  T.  Adams.  Great  changes  in  the  weight  required  have  come 
about  in  the  past  few  years.  The  first  designs  in  any  line  of  manufac- 
ture uniformly  carry  unnecessary  weight  in  the  various  parts  and  it  is 
safe  to  say  that  the  gas  engine  of  today,  built  with  the  same  factor  of 
safety,  would  be  25  per  cent  lighter  than  any  engine  of  the  same  horse- 
power built  three  years  ago. 

2  This  applies  to  engines  in  use  for  ordinary  commercial  purposes, 
as  electric  lighting  or  power.  In  view  of  this  fact  the  statements 
of  the  author  on  this  point  are  not  at  all  surprising.  The  increasing 
use  of  steel  and  the  modification  of  design  based  on  experience  have 
led  to  great  reduction  in  weight  of  engines  for  special  purposes,  such 
as  are  here  specified. 

The  Author.  In  reference  to  Mr.  Holmes'  remarks  on  the  speed 
of  vessels,  taking  a  given  hull  and  a  given  power  equipment,  the  craft 

*U.  S.  Geological  Survey,  Washington.  D.  C. 
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will  go  at  a  certain  speed,  the  character  of  the  equipment  notwith- 
standing. I  can  answer  Mr.  Holmes'  question  better  by  drawing  a 
comparison,  with  the  able  assistance  of  an  article  by  Capt.  A.  B. 
Willits,  U.  S.  N.^  Mr,  Willits  states  that  the  floor  space  occupied 
by  the  boilers  in  the  New  Hampshire  equals  0.33  sq.  ft.  per  h.p.,  and 
that  the  weight  per  b.h.p.  is  110  lb.  The  power  of  these  boilers  is 
rated  at  their  forced  capacity.  If  we  install  a  producer  plant  and 
rate  it  at  its  forced  capacity  at  40  lb.  of  fuel  per  square  foot  of  grate, 
it  will  occupy  1/ 10  per  square  foot  per  b.h.p.,  for  such  a  plant  as  the 
New  Hampshire  would  require,  and  weigh  30  lb.  per  b.h.p. 

2  From  these  figures  it  is  apparent  that  a  marine  producer-gas 
plant  can  be  installed  in  at  least  the  same  space  and  of  certainly 
not  greater  weight  than  a  modern  marine  steam  boiler  plant. 
These  figures  refute  Capt.  Willits'  figures  of  the  Westinghouse  gas 
plant,  which  occupied  1  sq.  ft.  per  b.h.p.,  and  weighed  28.5  lb.  per  h.p., 
and  the  R.  D.  Wood  producer  which  occupied  1.84  sq.  ft.  per  b.h  p. 
and  weighed  194  lb. 

3  Mr.  Dinkel  asked  regarding  the  small  anthracite  coals  in  gas 
producers.  I  can  refer  him  to  the  generator  of  the  R.  D.  Wood  plant 
at  Jersey  City,  which  has  been  operating  at  the  plant  of  the  Erie 
Railroad  for  five  or  six  years  on  a  mixture  of  No.  1  and  No.  2  buck- 
wheat coal.  The  Lehigh  Coal  and  Navigation  Company  has  in- 
stalled a  gas  producer  which  has  operated  on  rice  coal  and  has 
been  running  for  almost  two  years.  We  have  two  plants  in  opera- 
tion, one  at  Hartford,  Conn.,  and  one  near  Philadelphia,  running  on 
a  fine  grade  of  anthracite  coal,  mixtures  of  Nos.  1,  2  and  3  buckwheat. 

4  Regarding  the  factor  of  safety  in  gas-engine  parts,  which  Mr. 
Moultrop  brought  up,  the  six-cylinder  engine  in  Fig.  1,  the  double- 
acting  engine,  weighs  less  than  30  lb.  per  b.h.p.  Of  course,  that  was 
a  comparatively  high-speed  engine  and  delivered  300  b.h.p.  at  320 
r.p.m.  This  1000  h.p.  engine  will  be  fitted  with  cast-steel  parts, 
in  almost  every  instance  where  cast  iron  was  used  on  the  steam 
plant,  and  this  makes  for  a  big  reduction  in  weight  at  a  very  slightly 
increased  cost. 

5  The  producer  and  equipment  for  the  Carnegie,  about  which  Mr. 
Wilson  asked,  is  almost  finished  and  will  be  in  the  boat  when  she  is 
launched  on  May  10.  The  producer  shell  is  about  6  ft,  in  diameter 
and  is  of  copper.  The  pipe  and  scrubber  are  of  composition  metal, 
containing  no  iron  or  steel.     The  only  steel  or  iron  parts  on  the  pro- 

'  Gas  vs.  Steam  for  Marine  Motive  Power,  U.  S  Naval  Inst.  Proc,  December  1908. 
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ducer  are  manganese  steel  grates,  doors  and  door  frames,  near  the 
hot  portion  of  the  fire  in  the  producei'  equipment,  and  this  manganese 
steel  is  less  than  one  per  cent  magnetic,  when  compared  to  mild  steel, 
so  that  of  it  we  have  been  allowed  the  use  of  1500  lb..  The  engine 
will  have  bronze  cylinders  and  will  not  be  lined  with  cast  iron,  as  the 
published  reports  indicate.  We  are  going  toj-un'cast-iron  pistons  in 
the  l)ronze  cylinders.  The  cylinders  are  comparatively  so  thin  and 
so  close  to  the  water  jackets,  that  we  anticipate  no  trouble  from  dete- 
rioration. The  only  steel  or  iron  parts  about  the  engine  will  be  the 
cams,  rollers  and  valves.  The  valves  will  be  of  cast  iron.  The  steel 
cams  and  rollers  will  be  hardened  and  ground.  On  a  commercial 
basis,  using  terms  equivalent  to  mild  steel,  as  far  as  magnetic  force 
is  concerned,  we  will  have  less  than  200  lb.  total  of  iron  or  steel  in 
that  vessel.  The  published  reports  make  further  detail  unnecessary. 
The  boat  will  be  ready  to  sail  July  1. 


OPERATION  OF  A  SMALL  PRODUCER-GAS 
POWER  PLANT 

By  C.  VV.  Obert,  Published  in  The  JouRNAii  for  May 

.\BSTRACT  OF  PAPER 

This  paper  presents  a  general  description  of  a  producer-gas  power 
plant,  in  the  new  Westchester  market  building  of  Swift  &  Company, 
Bronx  Borough,  New  York  City,  in  operation  for  over  a  year  and  con- 
taining both  refrigeration  and  electric  power  and  lighting  services. 
The  conditions  are  unusual  for  suction  gas  apparatus,  both  the  refrig- 
eration and  electrical  services  requiring  24-hr.  operation  continuously, 
daily  throughout  the  year.  The  author  outlines  the  operating  and 
maintenance  systems  developed  for  keeping  both  producers  and 
engines  in  proper  condition,  and  for  insuring  absolute  certainty  of 
their  continuous  operation  which  is  there  particularly  necessary. 

DISCUSSION 

J.  A.  Holmes.  The  success  of  the  small  producer  plant  using 
anthracite  coal  is  practically  assured.  Not  long  since  (1905),  in 
visiting  a  number  of  these  plants  in  Cologne,  Germany,  I  found  a 
newspaper  press  that  had  been  operated  entirely  for  more  than  a 
year  by  a  small  gas-producer  plant  burning  small-sized  anthracite 
cq|il;  one  of  the  larger  hotels  there  had  been  using  such  a  plant  for  a 
longer  period  with  entire  satisfaction  to  supply  all  its  electric  light 
and  power;  in  a  large  commercial  house,  electric  lamps,  elevators 
and  all  other  machinery  connected  with  the  establishment  were 
operated  l:)y  one  of  these  plants.  In  each  of  these  cases  the  producer, 
engine-driven  generators  and  other  equipment  in  the  power  room, 
were  all  operated  by  one  man,  and  the  plant  was  regarded  as  a  success 
in  efficiency  and  economy  of  labor  and  fuel.  In  the  United  States, 
also,  many  producer  plants  have  been  using  anthracite  coal  for  some 
years.  In  our  own  investigations  at  the  Government  testing  station, 
anthracite  coal  has  been  regarded  as  a  fuel  so  simple  and  so  easily 
regulated  that  we  have  done  little  work  on  it,  turning  our  attention 
mainly  to  the  bituminous  coal  producer  problems. 
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2  In  regard  to  producer  work  with  bituminous  coal,  we  have  in- 
vestigated fuels  rather  than  different  types  of  producers.  Using  every 
imaginable  grade  of  bituminous  coal  and  lignite  in  making  short-time 
tests,  we  have  encountered  many  difficulties  due  to  a  lack  of  famil- 
iarity with  the  special  manipulations  required  by  certain  fuels.  These 
difficulties,  one  being  to  secure  a  uniform  quality  of  producer  gas, 
would  not  be  met  in  using  the  same  fuel  year  after  year.  In  early 
work,  with  the  Taylor  producer,  we  could  get  gas  of  absolutely  uni- 
form character  not  more  than  an  hour  at  a  time,  and  the  variation  in 
24  hours  was  at  times  from  125  B.t.u.  to  more  than  200  B.t.u.  per 
cu.  ft.  of  gas,  these  variations  being  largely  due,  no  doubt,  to  inex- 
perience in  the  handling  of  any  special  fuel.  During  the  past  three 
years,  however,  with  more  experience,  the  regularity  and  efficiency 
of  this  gas  has  been  greatly  increased. 

3  Another  difficulty,  and  one  not  entirely  separable  as  yet,  is  the 
slagging  or  clinkering  of  the  ash  in  the  producer.  The  ash  in  certain 
coals  slags  more  readily  than  in  others;  and  different  ashes  slag  more 
readily  at  different  temperatures.  One  of  the  greatest  needs  in  pro- 
ducer development  at  the  present  time  is  that  of  a  regular  mechanical 
feed  of  coal  and  removal  of  the  ashes  which  now  accumulate  in  some 
producers,  to  be  cleaned  out  after  the  producer  has  cooled  down.  We 
have  sometimes  found  the  slag  from  certain  coals,  burned  at  high 
temperatures,  accumulating  irregularly  on  the  brick  walls  lining  the 
producer,  at  the  rate  of  6  in.  to  10  in.  during  a  week's  run.  If  me- 
chanical arrangements  can  be  devised,  by  which  the  ash  may  be  re- 
moved from  the  base  of  the  producer  as  regularly  as  from  the  base  of 
a  boiler,  then  the  use  of  a  double  producer  will  be  largely  avoided. 
Decided  progress  is  being  made  in  overcoming  this  difficulty. 

4  Still  another  line  of  progress  is  in  the  reduction  of  weight  and 
bulk  of  the  producer  making  its  use  possible  instead  of  that  of  steam 
boilers  for  propelling  ships.  Mr.  Straub's  paper  indicates  what  is 
being  accomplished  along  this  line.  Already  the  anthracite  producer 
and  gas  engine  have  been  reduced  in  size  and  weight  to  less  than 
those  of  the  steam  boiler  and  reciprocating  engine;  and  the  outlook 
is  hopeful  for  the  producer  burning  bituminous  coal. 

John  H.  Norms.  I  have  been  connected  with  the  manufacture 
of  gas  engines  for  a  number  of  years,  and  the  principal  trouble  we 
have  had  in  the  operation  of  gas  engines  of  any  size  is  to  overcome  the 
notion  that  a  gas  engine  needs  no  care.  At  the  present  time,  however, 
gas  engines  are  running  successfully  because  in  most  installations  they 
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receive  proper  attention.  I  am  glad  to  see  put  on  record  the  state- 
ment that  a  gas  engine  installation  needs  as  close  attention  as  a  steam 
engine  installation. 

William  A.  Bole.  The  Westinghouse  Machine  Company  has 
been  working  on  the  gas-producer  problem  as  well  as  on  the  gas- 
engine  problem  for  some  time,  and  now  believes  itself  ready  to  offer 
gas  producers  that  will  be  as  practicable  and  as  easily  manipulated 
and  capable  of  as  long-continued  runs  as  any  boiler  plant.  A  pro- 
ducer plant  of  175-b.h.p.  capacity  has  been  in  operation  at  our  works 
for  practically  a  year,  without  pulling  down  the  fires.  During  that 
period  all  sorts  of  runs  have  been  made,  continuous  runs  at  full  capac- 
ity for  ten  days  or  two  weeks,  and  the  more  ordinary  runs  in  which 
producer  and  engine  are  shut  down  at  night;  and  the  producers  have 
burned  not  only  the  comparatively  good  coals  of  the  Pittsburg  dis- 
trict and  the  better  coals  of  the  Pocahontas  region,  but  several  of 
the  Western  and  Southwestern  lignites  and  even  peats  from  New 
England.  The  latter  have  not  been  so  successfully  burned,  but  the 
success  in  burning  Colorado  lignites  has  been  very  decided.  This 
producer  was  shut  down  and  cleaned  out,  simply  by  shoveling  the 
ashes  out  of  the  water  seal,  and  observations  of  the  condition  of  the 
interior  walls  showed  that  it  might  just  as  well  have  been  operated 
continuously  for  five  years  instead  of  one,  or  as  many  years  as  the 
firebrick  lining  would  last.  The  requirements  for  continuous  per- 
formance seem  to  have  been  admirably  met  in  this  design. 

2  This  producer  is  designed  for  the  burning  of  bituminous  coal 
alone,  and  resembles  a  small  producer  inverted  and  placed  on  top  of  a 
large  one,  making  a  double-zone  producer  especially  adapted  for  the 
gasification  of  bituminous  coal  without  passing  tar  of  any  descrip- 
tion out  of  the  producer  shaft.  Apparently  the  only  solid  material 
emitted  from  the  gas  is  a  small  amount  of  lamp-black  which  is  success- 
fully removed  by  the  use  of  a  static  or  stationary  scrubber,  and  the 
cleanliness  of  the  gas  is  proved  by  the  fact  that  practically  all  the 
gas  was  converted  into  brake  horsepower  by  being  employed  in  the 
actual  operation  of  a  gas  engine,  without  troublesome  deposit  of  any 
kind  upon  the  ports  or  other  parts  of  the  gas  engine. 

3  Whether  such  a  producer  would  be  available  for  marine  pur- 
poses I  do  not  know :  the  only  question  seems  to  be  whether  the  motion 
of  the  ship  would  interfere  seriously  with  the  descent  of  the  fuel  from 
top  to  bottom.  The  producer  has  been  subjected  to  practically  every 
test,  and  we  believe  we  are  about  ready  to  offer  it  for  both  large  and 
small  plants. 


A  METHOD  OF  IMPROVING  THE  EFFICIENCY 

OF  GAS  ENGINES 

By  Thos.  E.  Butterfield,'  Publisheu  in  The  Journal  for  April 

ABSTRACT  OF  PAPER 

The  tendency  in  gas-engine  practice  to  secure  higher  efficiency  by 
reducing  the  clearance  and  increasing  the  compression,  has  led  to 
various  expedients  to  avoid  premature  ignition  and  other  troubles 
incident  to  such  practice.  The  author  discusses  the  method  of  dilut- 
ing with  an  inert  gas  the  charge  drawn  in  during  the  suction  stroke 
of  an  Otto  cycle  engine.  He  refers  to  the  invention  of  this  method  by 
John  Saltar  twenty  }^ears  ago  and  to  experiments  subsequently  made 
to  show  its  practical  working  effects.  Calculations  are  given  based 
upon  the  dilution  of  the  charge  with  inert  gas  and  comparative  tables 
showing  the  effect  of  such  dilution. 

DISCUSSION 

A.  M.  Green,  Jr.     The  equation  of  Par.  20  of  this  paper  is  not  clear 

to  me  in  derivation.     It  seems  to  me  that  when  the  total  volume  of 

'  15         7\ 
gas  and  air  is  1  +C,the  volume  of  the  clearance  gas  will  be-:^  C  z^z;r^ 
*'  ^14      1200 

15         7\ 
and  the  volume  of  the  air  will  be  1  +  C  —  rr  X  {7^.   C,    and   both 

will  be  at  the  temperature  T^,  so  that  the  equation  will  be 

if  C  ^^  (1200  ^  7-.)  =  (,  +  6-  -  II  c  l^^j  (T.  -  530) 

from  which 

_  530  (1  +  C) 

1  +  r     :67o      15 

^  +  ^  ~  1200  ^    14 

which  is  the  same  as  that  found  ]:)y  Mr.  Butterfield  in  another  form. 
'  Chief  Engineer,  Otto  Gas  Engine  Works,  Philadelphia,  Pa. 
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My  only  question  is,  the  reason  for  tlie  form  of  equation  1  of  Par.  20, 
the  basis  of  which  is  not  clear. 

Wm.  0.  Barnes.  It  may  be  of  general  interest  to  show  that  dilu- 
tion of  the  mixture  in  a  gas  engine  will  not  be  attended  by  a  loss  of 
efficiency  provided  the  speed  of  combustion  is  not  decreased. 

2  Let: 

Vi  =  the  volume  of  the  cylinder  and  compression  space  at  the 
end  of  the  suction  stroke  =  unity. 

V2  =  the  volume  of  the  compression  space. 

Pi  =  the  pressure  at  the  end  of  the  suction  stroke. 

P2  =  the  pressure  at  the  end  of  compression. 

P3  =  the  explosion  pressure. 

Ti  ==  the  temperature  at  the  end  of  suction  stroke. 

T2  =  the  temperature  at  end  of  compression. 

T'g  =  the  explosion  temperature. 

n  =  the  ratio  of  the  specific  heats  at  constant  volume  and  pres- 
sure. 

3  Assuming  adiabatic  compression  and  expansion  we  have,  dur- 
ing the  compression, 

PV"  =P,  V^     =  Pj 

4  The  work  of  compression  is 

T"!  r^'P,  1 


'W2 

and  since 


P    =~  P 

^3  /TT       -*    2 


the  work  of  expansion  is 

2\v     1 


the  net  work  of  the  cycle  is 


T,-T,      1       „    /     1    i 
W  = 

5     Now, 


W  -  ~ —   — - —   P       -^ —  —  1 


ra-1 


and  assuming  an  absolute  temperature  at  the  end  of  the  exhaust 
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stroke  of  1200  deg.  fahr.,  and  of  530  deg.  for  the  mixture  as  it  enters 
the  cylinder,  we  may  write: 

y,  T^  =  1200  ^2+  530  (7,  -  7^) 

T^  =   670  72  +  530 

T,  =  (670  V,  +  530)  iSj'^ 

Substituting  for       in  the  expression  for  net  work: 

1  /     1  _  i^  "-1     \ 

W  =  {T,-  T,)  PA  — -^ 

n-1        \670  72  +530/ 

6  The  net  work  is  proportional  to  the  rise  in  temperature  during 
combustion,  {T^ — T^,  which  is  in  turn  directly  proportional  to  the 
amount  of  fuel  in  the  mixture.  Consequently  in  an  ideal  engine  in 
which  no  transfer  of  heat  takes  place  between  the  gas  and  cylinder 
walls,  dilution  of  the  mixture  would  not  affect  the  efficiency;  provided 
of  course  the  combustion  be  not  rendered  imperfect  or  be  retarded. 
Since  the  temperature  attained  by  the  burning  of  a  mixture  is  lowered 
by  dilution,  such  dilution  will,  under  usual  conditions  of  wall  tem- 
perature, increase  the  efficiency  of  an  actual  engine  by  lowering  the 
jacket  losses. 

7  The  influence  of  the  degree  of  compression  on  the  work  produced 
and  on  the  efficiency  is  measured  by  the  factor: 

1  -  v,^-^ 


670  7,  +  530 


Values  of  this  factor  corresponding  to  different  degrees  of  compression 
are  given  in  the  following  table  (n  taken  as  1.3),  in  which  the  first 
column  gives  values  for  volume  of  compression  space  assuming  the 
cylinder  volume  to  be  unity: 


V 

Factor 

V 

Factor 

0.5 

0.00022 

0.25 

0.00049 

0.45 

0.00026 

0.2 

0.00058 

0.4 

0.00030 

0.15 

0.00069 

0.35 

0.00035 

0.10 

0.00084 

0.3 

0.00041 

0.05 

0.00105 

8     Acceptance  of  an  imaginary  Hmitation  is  sometimes  a  most 
effectual  means  of  retarding  progress.     The  prevalent  idea  that  the 
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amount  of  compression  is  limited  by  the  necessity  of  avoiding  pre-igni- 
tion  is  a  case  of  this  kind.  The  only  harm  that  has  ever  been  caused 
by  pre-ignition  from  high  compression  has  resulted  from  the  fact  that 
the  parts  of  the  engine  were  not  correctly  proportioned  to  permit 
economical  combustion. 

9  Assuming  adiabatic  compression  and  expansion,  a  b  c  d  c  e 
(Fig.  1)  is  the  form  of  diagram  given  by  an  engine  in  which  pre-igni- 
tion is  taking  place.  The  net  work  developed  can  be  computed  with 
the  above  formula  by  giving  V^  the  value  corresponding  to  the  volume 
at  b.  This  work  is  obviously  greater  than  would  have  been  devel- 
oped had  the  compression  been  Hmited  to  a  point  where  there  was  no 
danger  of  self-ignition.  Of  course  in  an  actual  engine,  running 
under  these  conditions,  a  certain  loss  of  heat  to  the  cyUnder  walls  wiU 
take  place  during  the  compression  after  ignition  and  the  re-expansion 
to  ignition  volume,  but  when  pre-ignition  takes  place,it  is  an  indica- 


FiG.  1     Form  of  Diagram  Given  by  an  Engine  in  which  Preignition 
IS  Taking  Place 


tion  that  approximately  the  utmost  efficiency  is  obtained,  compatible 
with  the  initial  temperature  and  composition  of  the  fuel,  and  the 
existing  conditions  of  the  cyUnder  walls. 

10  The  loud  poundings  which  have  sometimes  been  experienced 
in  attempts  to  use  high  compression  are  not  necessary  accompani- 
ments of  the  increased  speed  of  combustion  due  to  such  compression, 
but  are  simply  indications  that  the  designer  failed  to  provide  suffi- 
cient rigidity  of  parts  and  extent  of  bearing  surface.  No  matter 
what  speed  of  combustion  may  be  obtained,  the  gaseous  contents  of 
the  cyhnder  cannot  deliver  a  blow  or  exert  an  inertia  effect  on  the  pis 
ton  of  any  important  magnitude.  Hence  the  question  of  raising  the 
degree  of  compression,  even  to  the  point  of  self-ignition,  and  the  com- 


914  DISCUSSION 

plete  realization  of  the  gain  in  efficiency,  thereby  made  possible,  is 
merely  a  matter  of  machine  design. 

1 1  The  desirability  of  diluting  the  mixture  with  inert  gas,  for  the 
purpose  of  slowing  up  coml^ustion,  is  questionable,  especially,  since 
if  full  advantage  be  taken  of  the  possible  gain  in  efficiency  due  to 
increased  compression,  it  will  be  found  that  the  first  cost  of  the  engine 
per  horsepower  will  show  a  decrease  due  to  its  superior  rating.  On 
the  other  hand,  the  dilution  of  the  mixture  with  air  provides  a  means 
of  regulation,  and  of  running  under  part-load  without  loss  of  efficiency. 

The  Author.     Tlie  reason  the  first  equation  in  Par.  20  is  in  a 

different  form  from  Mr.  Green's  corresponding  equation  is  that  he 

used  for  the  basis  of  his  equation  the  volumes  of  clearance  gas  and 

fresh  mixture  after  the  interchange  of  heat,  while  I  consider  them 

before  the  interchange  of  heat.     The   following  derivation  of  the 

final  equation  is  better  than  either  form  suggested:     Since  the  total 

volume  of  gas  contained  in  the  cylinder  at  the  end  of  the  suction  stroke 

is  1  +  C,  we  have  at  temperature  T,  by  Guy  Lussac's  law,  volume 

15        T'  \b        T 

of  clearance  gas —  C  — —,  vohune  of  mixture  (1  +  C  —  — C)  — - 
14      1200  14      530 


2    Then 


15 
1  +  ^  ==  14-  1200   '    \^   '  -         14    7  530 


^1200  +  r"^  ^"14/5730 

(1  +  C) 


T,  =  530 


675 

^  +1680^ 


which  is  exactly  the  same  as  the  result  first  given. 

3  All  the  results  given  in  Mr.  Barnes'  first  seven  paragraphs  were 
already  fully  given  in  the  paper. 

4  His  statement  that  the  loud  pounding  caused  by  pre-ignition  in 
a  gasoline  engine  is  due  merely  to  weak  construction  seems  contrary 
to  experience.  The  trunk  piston  does  not  permit  enlargement  of  the 
piston-pin  bearing,  and  there  woukl  he  practically  no  l^uyers  for  a 
small  gasoline  engine  provided  with  a  separate  cross-head.  Besides 
this,  the  principal  part  of  the  pound  is  probably  due  to  elastic  deflec- 
tion of  the  walls  of  the  cylinder  head  and  piston.  The  thickness  of 
these  walls  cannot  be  indefinitely  increased.  But  an  engine  operating 
l)y  self-ignition  will  be  exposed  to  all  the  troubles  that  have  been 
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experienced  with  hot-tube  ignition.  The  maxiinuni  pressures  of 
exphision  and  the  highest  available  mean  effective  pressure,  would 
always  vary  within  limits  that  might  lie  outside  the  bounds  of  safety 
on  the  one  hand,  or  of  satisfactory  development  of  power  on  the  other 
hand. 


OFFSETTING  CYLINDERS  IN  SINGLE  ACTING 

ENGINES 

ABSTRACT  OF  PAPER 

By  Prof.  Thurston  M.  Phetteplace,  Published  in  The  Journal 

FOR  February 

This  paper  presents  the  results  of  a  thorough  investigation  of  the 
question  of  offsetting  cylinders  in  single-acting  engines  which  seemed 
desirable  on  account  of  the  increasing  practice  among  automobile 
builders.  Curves  of  the  side-pressure  of  the  piston  on  the  cylinder 
wall,  considering  the  inertia  forces  due  to  the  weight  of  the  recipro- 
cating parts,  are  shown  for  different  conditions  of  engine  speed,  weight 
of  reciprocating  parts,  amount  of  offset,  and  ratio  of  length  of  con- 
necting rod  to  crank.  The  maximum  side-pressure  affecting  the 
design  of  the  piston  and  the  average  side-pressure  indicating  lost 
work  and  wear  are  compared  for  different  cases. 

Curves  of  the  inertia  due  to  the  weight  of  the  reciprocating  parts  are 
plotted  and  comparative  vibration  in  engines  having  cylinders  offset 
with  those  having  no  offset  are  discussed. 

Finally  four  definite  cases  are  compared,  showing  the  effect  of 
offsetting  on  the  length  of  the  different  parts,  on  the  curves  of  inertia 
forces,  of  side-pressures,  and  of  turning-effort. 

The  derivation  of  formulae  are  tables  and  given  in  an  appendix, 

DISCUSSIONS 

WiNSLOwH.  Herschel.  In  December  1907, 1  had  occasion  to  inves- 
tigate the  question  of  offsetting  cylinders  for  large-sized  gas  engines, 
and  as  the  conditions  are  somewhat  different  from  those  of  the  auto- 
mobile engines  considered  by  Professor  Phetteplace,  the  results  may 
be  of  interest.  I  shall  consider  only  the  variations  in  maximum  and 
average  pressure  on  the  cylinder  walls,  since,  as  indicated  in  Par.  62 
of  the  paper,  these  are  the  main  questions  at  issue. 

2  For  the  sake  of  simplicity  I  used  the  graphical  method  men- 
tioned in  Tolle's  Die  Regelung  der  Kraftmaschinen,  page  32.     The 
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computations  were  based  on  an  actual  card  from  a  four-stroke  cycle 
producer-gas  engine,  and  upon  the  following  data: 

R.p.m.  =  N  =225 
W/A  =4.18 
i2  =  12  in.  =1  ft. 
L/R  =5 
•   0.00034  W/AN'R  =  71.8 

This  last  value,  71.8,  happens  to  be  very  nearly  the  average  of  the 
two  corresponding  values,  34.4  and  111.38,  given  by  the  author  in 
Table  3.  Computations  were  also  made  using  speeds  of  450  and  1000, 
giving  inertia  constants  of  289  and  1430  respectively,  but  it  soon 
became  evident  that  there  could  be  no  gain  from  offsetting  under 
these  conditions,  and  the  investigation  was  restricted  to  tlie  speed  of 
225. 

3  As  I  understand  the  paper,  the  author  has  considered  only 
vertical  engines,  or  horizontal  engines  where  the  weight  of  the  recipro- 
cating parts  is  so  small  that  its  direct  effect  in  increasing  or  decreas- 
ing the  pressure  on  the  cylinder  walls  need  not  be  taken  into  account. 
In  the  present  case,  however,  a  distinction  must  be  made  between 
vertical  and  horizontal  engines.  For  the  latter,  when  the  side  pres- 
sure acts  downward,  due  to  gas  pressure  or  inertia  forces,  the  weight 
of  the  piston  must  be  added,  but  when  the  side  pressure  acts  upward, 
the  piston  weight  is  subtracted.  It  should  be  noted  that  for  a  vertical 
engine,  for  a  given  value  of  0.00034  W/AN^R,  that  is,  for  a  given 
inertia  constant,  as  I  have  called  it,  it  would  make  no  difference 
whether  this  value  were  obtained  with  a  large  value  of  W/A  and  a 
small  value  of  A^,  as  in  my  case,  or  with  a  small  value  of  W/A  and  a 
large  value  of  A^,  as  in  the  cases  used  by  the  author.  But  on  the  other 
hand  it  would  make  considerable  difference  for  a  horizontal  engine 
where  the  value  of  W  enters  into  the  computation  apart  from  the 
inertia  constant. 

4  By  using  the  same  indicator  card  as  for  the  four-stroke  cicle 
computations,  and  disregarding  the  second  and  third  strokes,  I 
obtained,  somewhat  approximately,  the  side  pressures  for  a  two- 
stroke  cycle  engine. 

5  Fig.  1  shows  the  variation  in  maximum  pressure  on  cylinder 
walls,  or  side  pressure,  due  to  variations  in  offset.  The  ordinates 
above  the  base  line  ST  are  proportional  to  the  side  pressures.  The 
line  AB  shows  the  maximum  side  pressure  for  a  vertical  engine  at 
about  the  middle  of  the  first  stroke.     As  the  offset  increases  the 
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angle  of  the  connecting  rod  for  this  middle  position  decreases,  while 
the  angle  at  the  end  of  stroke  increases,  so  that  for  large  offsets  the 
maximum  side  pressure  is  found  at  end  of  stroke,  with  values  as  shown 
by  line  BC.  Similarly  for  a  horizontal  engine  we  get  the  lines  DE  and 
EF.  For  the  maximum  side  pressure  due  to  inertia  forces  we  have 
line  GH  for  a  vertical,  and  line  JK  for  a  horizontal  engine. 

6  It  ^vill  be  noticed  that  line  JK  is  not  parallel  to  line  GH.  The 
reason  for  this  is  that  for  the  line  JK  we  must  use  the  inertia  force 
near  the  end  of  the  second  stroke,  which  gives  a  downward  pressure 
on  the  cylinder  walls  to  be  added  to  the  weight  of  the  piston,  and  this 
downward  pressure  is  not  as  large  as  the  upward  pressure  near  the 
beginning  of  the  second  stroke,  which  was  used  for  the  line  GH. 


205; 


30^        40:^        50:2        60^        70^ 
Offset  in  Tcr  Cent  of  Crunk 


90^ 


Fig.  1     Diagram  Showing  Variation  in  Maximum  Pressure  on  Cylinder 
Walls,  Due  to  Offsetting  Cylinder 


7  In  the  case  of  a  two-stroke  cycle  engine,  where  we  must  use 
the  fourth  instead  of  the  second  stroke,  our  maximum  'inertia  force 
will  be  near  the  beginning  of  the  fourth  stroke  acting  upward,  so  that 
the  Aveight  of  the  piston  must  be  subtracted,  giving  line  QR. 

8  If  we  imagine  a  somewhat  earlier  ignition  than  that  shown  in 
Fig.  2  of  the  paper,  the  maximum  side  pressure  at  or  near  the  begin- 
ning of  the  first  stroke  will  be  increased.  Whether  for  this  reason  or 
not,  I  found  that  with  large  offsets  the  maximum  side  pressure  of  the 
first  stroke  was  at  the  beginning  of  the  stroke,  acting  upward,  with 
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values  as  shown  l)y  line  LM  for  a  vertical,  and  line  NP  for  a  horizon- 
tal engine. 

9     Fig.  1  corresponds  to  Fig.  16  of  the  paper  and  may  be  used  in  the 
same  wav  to  determine  the  most  favorable  offset  for  the  various  con- 


TABLE  1     OFFSET  AND  PER  CENT  REDUCTION  IN  SIDE  PRESSURE 


Curves 


Dominating   Factors 


AB  and  GH  Gas  middle  first,  inertia  beginning  2nd 

AB  and  LM  Gas  middle  first,  gas  beginning  1st 

DE  and  JK  Gas  middle  first,  inertia  end  2nd 

DE  and  QR  Gas  middle  first,  inertia  beginning  4th 

DE  and  JK  Gas  middle  first,  inertia  end  2nd 

DE  and  NP  Gas  middle  first,  gas  beginning  1st 


Case 


Vertical  late  ignition,  2-4  Cycle 
Vertical  early  ignition,  2-4  Cycle 
Horizontal  late  ignition,  4  Cycle 
Horizontal  late  ignition,  2  Cycle 
Horizontal  early  ignition,  4  Cycle 
Horizontal  early  ignition,  2  Cycle 


% 

% 

Offset 

Gain 

37.0 

41.5 

28.7 

31.6 

37.7 

34.7 

61.3 

54.3 

37.7 

34.7 

40.6 

37.2 

ditions.     Table  1  gives  the  offset  and  the  per  cent  rechiction  in  side 
pressure  in  each  case. 


Fig.  2 


lOji 
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Offset  ill  Per  Cent  of  (  rank 


Diagram  Showing  Change  in  Aver.\ge  Pressure  on  Cylinder 
Walls  Due  to  Offsetting  Cylinder 


10  The  author  (Pai-.  22)  finds  the  most  favorable  offset  to  be 
50  per  cent  of  the  crank  length  for  slow  speed,  and  in  Par.  24  and 
Par.  25  he  finds  it  to  be  about  20  per  cent  for  high  speed.     These 
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values  may  be  compared  with  the  first  line  of  Table  1;  for  the  case  of  a 
vertical  engine  with  late  ignition,  the  offset  is  37.0  per  cent,  which  is 
nearly  the  average  of  20  per  cent  and  50  per  cent,  as  might  have  been 
expected  from  the  inertia  constants. 

11  Fig.  2  shows  the  decrease  or  increase  in  average  side  pressure 
or  total  loss  of  work  from  side  pressure,  in  per  cent  of  lost  work  with 
zero  offset.  While  the  use  of  a  different  indicator  card  with  a  later 
ignition  might  have  made  some  difference,  it  obviously  could  not 
have  changed  the  result  so  materially  as  in  the  case  of  maximum  side 
pressure.  Thus  the  curve  marked  four-cycle  vertical  may  be  fairly 
compared  with  the  result  in  Table  9  of  the  paper,  that  the  most  favor- 
able offset  lies  between  30  and  50  per  cent. 

12  The  curves  marked  450  and  1000  r.p.m.  show  the  results  of 
the  few  computations  concerning  these  speeds  not  considered  in  Fig.  1. 

13  Both  Table  1  and  Fig.  2  appear  to  indicate  that  more  could 
be  gained  from  offsetting  with  a  two-cycle  than  with  a  four-cycle 
engine.  But  at  present  it  is  difficult  to  make  general  state- 
ments about  this  type  of  engine,  and  whether  or  not  this  advantage 
will  be  attained  will  depend  upon  the  inertia  constant  and  indicator 
card  shown  by  these  engines. 

PRINCIPAL  CONCLUSIONS 

a  An  offset  cyfinder  may  be  employed  with  least  benefit  on  a 
high-speed ,  four-stroke  cycle  vertical  engine. 

b  It  may  be  employed  with  most  benefit  on  a  slow-speed 
two-stroke  cycle  horizontal  engine. 

c  The  maximum  advantageous  offset  is  Umited  by  the  side 
pressure  near  the  beginning  of  the  first  stroke. 

John  H.  Norris.  I  have  been  designing  and  building  both  two- 
stroke  and  four-stroke  cylinder  engines  with  offset  cranks  for  a  nums 
ber  of  years.  Our  concern  was  so  impressed  with  the  advantage 
that  in  1886  they  bought  the  patent  right  to  apply  the  offset  stroke 
to  gas  engines.  We  are  still  building  a  few  small  sizes  with  offset 
crank,  but  there  is  no  practical  gain  and  as  fast  as  we  can  re-design 
the  engines  we  find  we  can  get  better  economy  and  a  more  convenient 
engine,  by  placing  the  cylinder  directly  over  the  crank  shaft.  If  you 
want  to  reverse  the  direction  of  rotation  of  an  engine  with  an  offset 
crank,  you  are  in  trouble  at  once.  We  have  built  an  offset  engine  as 
large  as  four-cylinder,    14   by   22,   and    scrapped.      I  would  like 
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to  say,  in  connection  with  the  large  engine  above  mentioned,  that  it 
was  built  in  1896  and  was  one  of  a  pair  that  were  to  run  a  suburban 
electric  railroad  in  the  West,  on  a  suction  gas  producer.  We  built  at 
that  time  a  suction  producer  that  was  reasonably  satisfactory.  We 
have  had  a  great  deal  of  success,  however,  with  our  small  single  and 
double-cylinder  engines  with  offset  cranks,  of  which  we  have  built  a 
large  number,  though  we  are  just  putting  on  the  market  engines  to 
replace  them,  in  which  we  have  placed  the  cylinder  directly  over  the 
center.  We  used  an  offset  of  from  20  to  25  per  cent  of  the  stroke. 
With  this  offset  the  side  strain  is  quite  sufficient  on  the  upstroke. 
These  were  all  vertical  engines. 

The  Author  would  suggest  that  the  fact  that  the  cylinders  were 
offset  was  not  the  real  cause  for  scrapping  the  4-cylinder  14  by  22 
engine  mentioned  by  Mr.  Norris.  Of  course  if  stock  engines  were  built, 
some  to  rotate  in  one  direction  and  some  in  the  other,  or  if  it  is  desir- 
able to  build  engines  that  may  be  reversed,  offsetting  may  not  prac- 
tically be  taken  advantage  of,  as  Mr.  Norris  points  out.  Furthermore, 
in  spite  of  Mr.  Norris'  experience  and  his  desire  to  eradicate  offsetting 
from  his  product,  this  practice,  in  small  vertical  4-cycle  automobile 
engines,  at  least,  seems  to  be  increasing. 
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Automatic  Screw  Machines  and  Their  Tools.     By  C.  L.  Goodrich  and  F.  A. 

Stanley.     Ilill  Publishing  Co.,  New  York,  1909.     8vo.,  cloth,  vii  +  255  p., 

illustrated.  Price  $2  net. 
In  the  May  number  of  The  Journal  a  book  by  these  authors  ou  Accurate  Tool 
Work  was  reviewed,  and  the  present  volume  is  of  very  much  the  same  character, 
but  dealing  with  another  department  of  machine  and  tool  work.  Mr.  Goodrich 
is  department  foreman  with  the  Pratt  and  Whitney  Co.,  Hartford,  Conn.,  and 
Mr.  Stanley  is  associate  editor  of  the  American  Machinist.  Both  authors  are 
expert  tool-makers  and  designers  and  the  matter  which  they  have  presented  has 
been  contributed  mainly  by  them  and  to  some  extent  by  others,  to  the  American 
Machinist,  but  revised,  rewritten  and  added  to  for  publication  in  book  form. 
The  volume  is  prepared  in  two  parts,  the  first  dealing  with  different  types  of 
machines  and  their  special  tools  and  the  second  with  the  design  and  construction 
of  tools  in  detail,  and  their  use. 

Contents,  by  chapter  headings:  The  Pratt  &  Whitney  Automatic  Screw  Machine;  Camming 
the  Pratt  &  Whitney  Automatic  Screw  Machine;  The  Brown  &  Sharpe  Automatic  Screw  Machine; 
Laying  out  the  Brown  &  Sharpe  Screw  Machine  Cams;  The  Brown  &  Sharpe  Automatic  Screw 
Machine  with  Constant-Speed  Drive;  The  Cleveland  Automatic  Turret  Machine  and  its  Cam 
Adjustments;  The  Gridley  Automatic  Turret  Lathe;  The  Alfred  Herbert  Automatic  Screw 
Machine;  The  New  Spencer  Double-Turret  Automatic  Screw  Machine;  The  Cleveland  Double 
Spindle  Plain  Automatic  Machine;  The  Acme  Multiple-Spindle  Automatic  Screw  Machine;  The 
Universal  Multiple-Spindle  Automatic  Screw  Machine;  The  Cleveland  Automatic  Machine  with 
Magazine  Attachment;  The  Alfred  Herbert  Magazine  Automatic  Screw  Macliine;  The  Potter 
&  Johnston  Automatic  Chucking  and  Turning  Machine;  The  Gridley  Semi-Automatic  Piston 
Ring  Machine;  The  Prentice  Multiple-Spindle  Automatic  Turret  Machine;  Points  in  Setting  Up  and 
Operating  Automatic  Screw  Machines;  Speeds  and  Feeds  for  Screw  Machine  Work;  Spring 
Collets  and  Feed  Chucks;  Box  Tools  and  Other  External  Cutting  Appliances;  Drills,  Counter- 
bo  rea  and  Other  Internal  Cutting  Tools;  Screw  Machine  Taps  and  Dies;  Forming  Tools  and 
Methods  of  Making  Them;  Nurling  Tools  and  Their  Applications;  Why  Chips  Cling  to  Screw 
Machine  Tools. 

Internal  Combustion  Engines,  Their  Theory,  Construction  and  Operation. 
Tables.     Formulae.     379  illustrations.     By  RoUa  C.  Carpenter,  M.M.E., 
LL.D.  and  H.  Diederichs,  M.E.     D.  Van  Nostrand  Company,  New  York, 
1909.     Second  edition  revised.     Cloth,  579  p.     Price  $5. 
The  theoretical  principles  of  the  internal  combustion  engine  and  their  applica- 
tion to  practical  construction  are  treated  but  the  proportioning  and  the  strength 
of  parts  are  not  considered.     The  first  five  chapters  are  taken  up  with  definitions 
and  theory.     Following  this  are  three  chapters  treating  respectively  of  solid, 
liquid  and  gaseous  fuels.     In  the  first  the  most  important  types  of  producers  are 
illustrated  and  described.     The  chapter  on  liquid  fuels  deals  largely  with  various 
vaporizing  devices  for  crude  oil,  gasoline,  kerosene  and  alcohol,  the  last-named 
in  some  detail.     Valuable  data  will  be  found  in  the  chapter  on  cost  of  installation 
and  operation.     One  table  compares  the  costs  of   200-h.p.  and  120-h.p.  steam 
and  gas  plants.     This  second  edition  is  a  thorough  revision  of  the  first  edition 
pubhshed  a  year  ago. 

Contents  by  chapter  headings:  Introduction,  Definitions  and  Classifications,  Indicated  and 
Brake  Horsepower;  Thermodynamics  of  the  Gas  Engine;  Theoretical  Comparison  of  Various 
Types  of  Internal  Combustion  Engines;  The  Various  Events  of  the  Constant-Volume  and  Con- 
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staiit-l'ressure  Cycle  as  Modified  by  Practical  Conditions;  The  Tenipeiatiiie  10ntio])y  Diagram 
Applied  to  the  Gas  Endinr;  Combustion;  Gas-Engine  Fuels,  Tlie  Solid  Fuels,  Gas  I'roducers; 
The  (!as  Enjiine  Fuels — Liquid  F\iels;  Carbureters  and  Vaporizers;  Gas-Engine  Fuels, — -The 
Gas  Fuels;  TheFuel  Mixture, — Exiilosiliility,  Pressure  and  Temperature;  The  History  of  the 
Gas  Engine;  Modern  Types  of  Internal  Goinhustion  Engines;  Gas  Engine  Auxiliaries — Ignition, 
Mufflers  and  Starting  Apparatus;  Regulation  of  Internal  Combustion  Engines;  The  Estima- 
tion of  Power  of  (!as  Engines;  Methods  of  Testing  Internal  Combustion  Engines;  The  Perform- 
ance of  Gas  Engines  and  Gas  Producers;  Cost  of  Installation  and  of  Operation. 

Thk  Modern   Asphalt   Pavement.     By  Cliffoi-d  Richardson,    M.Am.Soc.C.E., 
John  Wileij  ct  Sons,  New   York,  19()<S.     Second  edition,  i-evised  antl  en- 
larged.    Cloth,  (3  by  9;  ix  +  629  p.;  42  illustrations.     Price  $3. 
The  methods  adopted  l)y  the  author  for  the  pre.sentation  of  his  material  make 
this  hook  of  value  alike  to  the  engineer,  the  contractor,  the  road  commissioner  and 
the  taxpayer.     The  descriptions  of  how  asphalt  pavement  is  made  will  be  readily 
understood  by  the  lay  reader,  while  the  substance  of  those  chapters — on  the 
chemistry  of  asphalt  and  the  technology  of  the  industry— intended  for  the  engi- 
neer and  expert  may  be  had  from  the  summary  at  the  end  of  each  chapter. 

Contents  by  chapter  headings:  The  Foundation  or  Base;  The  Intermediate  Course;  The 
Mineral  Aggregate;  Filler  or  Dust;  The  Nature  of  the  Hydro-carbons  which  Constitute  the 
Native  Bitumens;  Characterization  and  Classification  of  the  Native  Bitumens;  Differentiation 
and  Characterizatii)n  of  the  Native  Bitumens;  Petroleums;  The  Solid  Bitumens. 

Pkvctical  Testing  of  Gas    and  Gas    Meters.     By  C.  H.  Stone,  B.S.,  M.S. 

John  Wilcii  cfc  Sons,  New  York,  1909.     Cloth,  G  by  9;  x  -f  337  p.;  51  illu.s- 

trations.  Price  $3.50. 
The  author's  work  as  chief  inspector  of  gas  for  the  Public  Service  Commission, 
Second  District,  New  York,  has  enabled  him  to  obtain  valuable  data  on  the  sub- 
ject treated.  As  the  title  indicates,  the  book  deals  with  methods  of  testing  rather 
than  manufacture  and  distribution.  The  chemical  processes  and  calculations 
have  been  explained  at  length  so  that  they  may  be  clear  to  the  gas-works  manager 
and  others  with  no  chemical  training.  The  author  makes  such  comments  and 
suggestions  as  will  be  helpful  in  the  choice  of  apparatus  or  process.  So  far  as 
we  know,  American  literature  on  this  subject  is  confined  to  the  volume  before  us. 

Contents  by  chaptersrThe  Photometer  and  Accessories;  Standards  and  Burners;  Candle- 
Power  Tests  of  Coal  and  Water  Gas,  Using  Candles  as  Standards;  Photometric  Work  with  other 
Standards  and  Gases;  Interpretation  of  Results  and  Legal  Requirements;  Carbonic  Acid  and 
Sulphuretted  Hydrogen;  Total  Sulphur;  Other  Impurities;  The  Analysis  of  Gas;  The  Junker  and 
Boys  Calorimeters;  Other  Instruments  and  Methods;  Consideration  of  Results;  Specific  Gravity 
and  Pressure;  The  Cubic  Foot  and  Meter  Prover;  The  Method  of  Testing  Meters. 

Steam  Power  Plant  Engineering.  By  G.  F.  Gebhardt.  John  Wiley  &  Sons, 
New  York,  1908.  Cloth,  6  by  9,  xxix  +  816  p.;  461  illustrations.  Price  16. 
The  book  contains  the  substance  of  a  series  of  lectures  at  the  Armour  Institute 
of  Technology.  The  author  devotes  fully  a  third  of  the  book  to  matters  inti- 
mately connected  with  the  coal  pile.  In  the  chapter  on  fuels,  the  use  of  oil  as 
a  fuel  receives  attention.  Somewhat  incomplete  figures  are  given  of  the  cost  of 
boilers,  stokers  and  chimneys.  An  analysis  is  given  of  the  strains  in  a  steel- 
concrete  chinmey.  Considerable  space  is  devoted  to  the  apparatus  of  the  power 
plant,  including  steam  engines,  turbines  and  auxiliaries,  cost  figures  of  which  are 
given.  Perhaps  the  chapter  of  greatest  interest  to  engineers  will  be  that  on  the 
cost  of  power.  A  very  complete  bibliography  supplements  the  numerous  references 
in  the  text. 

Contents  by  chapter  headings:  Elementary  Steam  Power  Plants;  Fuels  and  Combustion; 
Boilers;  Smoke  Preventions,  Furnaces,  Stokers;  Superheated  Steam,  Superheaters;  Coal  and 
Ash-Handling  Apparatus;  Chimneys;  Mechanical  Draft;  Steam  Engines;  Steam  Turbines;  Con- 
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densers;  Feed-Water  Purifiers  and  Heaters;  Pumps;  Separators,  Traps  and  Drains;  Piping  and 
Pipe  Fittings;  Lubricants  and  Lubrication;  Finance  and  Economics — Cost  of  Power;  Testing 
and  Measuring  Instruments;  Typical  Specifications;  A  Typical  Steam  Turbine  Station;  A 
Typical  Isolated  Station.  Appendices:  General  Bibliography — Power  Plant  Engineering  and 
Design;  A.  S.  M.  E.  Rules  for  Conducting  Boiler  Trials,  Code  of  1899;  A.  S.  M.  E.  Rules  for  Con- 
ducting Steam  Engine  Tests ;_  Steam  Tables;  Equivalent  Values  of  Mechanical  and  Electrical 
Units;  Miscellaneous  Conversion  Tables. 

Refrigerating    Machines;     Compression;     Absorption.     By    Gardner    T.  ^ 

Voorhees,  S.B.  Ice  and  Cold  Storage  Publishing  Company,  Ltd.,  London, 
1909.  Cloth,  5  by  7^;  70  p.;  10  diagrams,  4  plates.  Price  4s.  6d. 
The  book  is  a  reprint  of  a  paper  read  before  the  First  International  Congress 
of  the  Refrigerating  Industries  at  Paris  in  1908.  Mr.  Voorhees  attended  this 
congress  as  a  delegate  of  the  United  States  government  and  was  also  appointed 
Honorary  Vice-President  of  the  A.  S.  M.  E.  to  represent  the  Society  on  the 
occasion.  He  has  included  in  the  reprint  a  broader  treatment  of  the  subject 
than  would  ordinarily  be  found  in  a  book  of  this  size,  as  must  necessarily  be  the 
case  to  come  within  the  limits  of  a  paper.  He  has  included  data  from  his  own 
practice  to  enable  engineers  readily  to  solve  problems  of  capacity  and  economy 
of  a  compression  or  an  absorption  system,  or  of  their  combinations.  A  number 
of  tables  and  charts  are  included. 

Electric  Motors.     Their  Installation,  Control,  Operation  and  Mainte- 
nance.    By  Norman  G.  Meade.     McGraw  Publishing  Company,  New  York, 
1908.     Cloth,  5  by  7;  V  -f  159  p.;  126  illustrations.     Price  $1. 
The  treatment  is  somewhat  elementary,  and  mathematics  have  been  eliminated. 
The  illustrations  and  diagrams  with  the  text  serve  to  explain  the  different  types 
of  motors  and  their  operation. 

Contents  by  chapter  headings:  Theory  of  Electric  Motors;  Classification  of  Electric  Motors; 
Control  and  Auxiliary  Apparatus;  Motor-Generator  Sets;  Installation  of  Electric  Motors; 
Operating  Hints;  Repairs;  Tables  and  Formula?. 
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tion,  1908.     January,   1909.     Washington,  1909.     Gift. 

American  Institute  of  Mining  Engineers.  Transactions.  Vol.  39.  New 
York,  1909.     Gift. 

American  Society  of  Engineering  Contractors.  Journal.  Vol.  1,  June, 
1909.     New  York,  1909.     Gift. 

Annual  Library  Index,  1908.     New  York,  1909.     Purchase. 

Anuaeio  Estadistico  de  la  Republica  Oriental  del  Uruguay.  Tomo  I. 
1907-08.     Montevideo,  1909.     Gift. 

Automatic  Screw  Machines  and  Their  Tools.  By  C.  L.  Goodrich  and  F.  A. 
Stanley.     New  York,  Hill  Pub.  Co.,  1909.     Gift  of  Publishers. 

Bericht  uber  das  Studienjahr  1907-1908.  KonigUche  Technische  Hoch- 
schule  zu  Miinchen.     Miinchen,  1909.     Gift. 

Best  Type  of  Canal  for  Panama.  (House  Document  No.  10,  pt.  2.)  Washing- 
ton, Government,  1909.     Gift. 

Brooklyn  Engineers'  Club.  Proceedings.  Vol.  12.  1908.  Brooklyn,  1909. 
Gift. 

Cleveland  Engineering  Society.     Transactions.    No.  3.     April,  1909.     Gift. 

Cooper  Union  for  the  Advancement  of  Science  and  Art.  First  half-cen- 
tury.    Fiftieth  Annual  Report,  1909.     New  York,  1909.     Gift. 

Design  and  Construction  of  Industrial  Buildings.  By  H.  F.  Stimpson. 
Gift  of  C.  W.  Rice. 

Efficiency  Test  of  a  Pumping  Plant  Used  for  Rice  Irrigation.  By  W.  B. 
Gregory.     Gift  of  A.  M.  Lockett  &  Co. 

Electrical  Trades  Association  of  the  Pacific  Coast.  Report  of  the  7th 
Annual  Meeting  and  Luncheon,  1909.     San  Francisco,  1909.     Gift. 

Elements  d'Aviation.     By  Victor  Tatin.     Paris,  1909.     Purchase. 

Die  Entwicklung  der  Dampfmaschine.  By  Conrad  Matschoss.  Vol.  1-2. 
Berlin,  J.  Springer,  1908.     Purchase. 

Feed  Water  Heaters  as  Purifiers.  By  J.  C.  W.  Greth.  Gift  of  W.  B. 
Scaife  &  Sons  Co. 

Forest  Fires  in  Massachusetts.  By  F.  W.  Rane,  State  Forester.  Boston, 
1909.     Gift. 

Gatun  Dam  and  Earth  Dams  in  General.  (House  Document  No.  10.) 
Washington,  Government,  1909.     Gift. 

Gesundheits-Ingenieur.     Vol.    32-date.     Munich,  1909-date.     Subscription. 

Grove  City  College.  Catalogue,  1907-1908,  and  Courses  of  Study  for  1908- 
1909.     Grove  City,  Pa.,  1909.     Gift. 
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Guide  to  Current  Periodicals  and  Serials  of  the  United  States  and 
Canada,  1909.  Compiled  by  H.  O.  Severance  and  C.  H.  Walsh.  Ann 
Arbor,  Mich.,  1908.     Purchase. 

Hall  of  Fame.     By  G.  F.  Kunz.     1908.     Gift  of  New  York  University. 

Handbuch  des  Eisenbahnmaschinenwesens.  By  L.  R.  von  Stockert.  Vol. 
1-3.     Berlin,  J.  Springer,  1908.     Purchase. 

Hudson-Fulton  Celebration,  September  25  to  October  9,  1909.  Albany, 
1909.     Gift  of  New  York  State  Education  Department. 

Hydroelectric  Development  and  Engineering.  By  Frank  Koester.  New 
York,  D.  Van  Nostrand  Co.,  1909.     Gift  of  Author. 

Hydroelectric  Development  at  Berrien  Springs,  Mich.,  of  the  Indiana 
AND  Michigan  Electric  Company  System.     Gift. 

Illinois  Society  of  Engineers  and  Surveyors.  Twenty-fourth  Annual 
Report.  Milwaukee,  S.  E.  Tate  Printing  Co.,  1909.  Gift  of  Illinois 
Society  of.  Engineers  and  Surveyors. 

International  Association  for  the  Prevention  of  Smoke.  Proceedings 
and  Addresses,  3d  Annual  Convention.     Grand  Rapids,  1908.     Gift. 

International  Exchange  of  the  Smithsonian  Institution,  Corrected  to 
September,    1903.     Washington,   Smithsonian  Institution,   1904.     Gift. 

Journal  fijr  Gasbeleuchtung  und  Verwandte  Beleuchtungsarten  sowie 
FtJR  Wasserversorgung.  Vol.  52-date.  Munich,  1909-date.  Subscrip- 
tion. 

King,  William  F.  Address  and  Biographical  Sketch.  New  York,  1909.  Gift 
of  Merchants'  Association  of  New  York. 

Lake  Champlain  Tercentenary,  July  4-10,  1909.  Albany,  1909.  Gift  of  New 
York  State  Education  Department. 

Little  Falls  (N.  Y.)  Public  Works  Board.  Fourteenth  Annual  Report  of 
the  Board  of  Public  Works  and  the  21st  Annual  Report  as  Water  Com- 
missioner of  the  City  of  Little  Falls.     1908.     Gift. 

Lock  Canal  at  Panama.  By  J.  R.  Freeman.  (House  Document  No.  10,  pt. 
3.)     Washington,  Government,  1909.     Gift. 

Massachusetts  Highway  Commission.  Report  of  the  Massachusetts  High- 
way Commission,  with  a  h'\\\  consolidating  and  arranging  the  laws  relating 
to  motor  vehicles.  (House  Document  No.  1310.)  Gift  of  Professor 
Hutton. 

Metal  Corrosion  and  Protection,  References  to  Books  and  Magazine 
Articles.     Ed.  2.     Pittsburg,  Carnegie  Library,  1909.     Gift. 

Metropolitan  Water  and  Sewerage  Bo.\rd  of  Boston.  Eighth  Annual 
Report.  Boston,  Wright  &  Potter  Printing  Co.,  1909.  Gift  of  Metropoli- 
tan Water  and  Sewerage  Board. 

Meyers  Grosses  Konversation-Lexikon.      Vol.  1-20.     Leipzig-Wien,   1905- 

1908.     Purchase. 
Missouri  Electric  Light,  Gas  and  Street  Railway  Water  Works  Associ.\- 
TiON.     Proceedings  of  National  Convention,  1909.     Springfield,  Mo.,  1909. 
Gift  of  the  Association. 
National    Electric    Light    Association.     Thirty-first    Convention.     Vol.  1, 

1908.     Chicago,  1908.     Gift. 
National  Society  for  the  Promotion  op  Industrial  Education.     Educa- 
tion of  workers  in  the  shoe  industry.     1908.     (Bulletin  No.  8.)     Gift  of 
Professor  Hutton. 
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The  Navy.     Dcceinl)er  1908-March  1909.     Washington,  1909.     Gift. 
New  York  State  Museum.     (Bulletin  No.  loO.)     Albany,  1909.     Gift. 
Practical  Testing  of  Gas  and  Coal  Meters.     By  C.  H.  Stone.     New  York, 

J.  Wiley  ct-  Sons,  1909.     Gift  of  Publishers. 
Programm  de  Koniglich  Bayerischen  Technischen    Hochschule  ZU  MtJN- 

CHEN,  1908-1909.     Ed.  3,  March  1909.     Mimchen,  1909.    Gift. 
Pulp  Wood  Consumption.     1908.     United  States  Bureau  of  Census,   Washing- 
ton, 1909. 
Railway  Statistics  of  United  States  of  America,  for  1908.     Prepared  by 

Slason  Thompson.     Chicago,  R.  R.  Donnelly  &  Sons,  1909.     Gift. 
Rochester  Engineering  Society.     Catalogue  of  Works  on  Engineering  and 

AUied  Subjects  in  the    Reynolds    Library.     Rochester,    1909.     Gift    of 

Rochester  Engineering  Society. 
St.  Johns  College.     Catalogue,  1908-1909.     Annapolis,  1909.     Gift. 
Schiffskessel.     By  Walter  Mentz.     Milnchen,  1907.     Purchase. 
Scr.^nton  Engineers'  Club.     Directory,  1909.     Scranton,  1909.     Gift. 
Springfield  (M.\ss.)  Bo.ard  of  Water  Commissioners.     Thirty-fifth  Annual 

Report,     Springfield,  Mass.,  1909.     Gift  of  Massachusetts  Board  of  Water 

Commissioners. 
Statesman's  Year-Book,  1909.     London,  Macmillan  &  Co.,  1909.     Purchase. 
Statistics  of  Public,  Society  and  School  Libraries  having  5,000  Volumes 

AND  Over  in  1908.     (U.  S.  Educational  Bureau.     Bulletin  No.  5,  1909.) 

Washington,  Government,  1909.     Gift. 
Ste.\m,  Gas  and  Oil  Engines,  A  Study  of  Comparison  Between.     By  A.  J. 

J.  Pfeiffer.     (Read  at  meeting  of  the  Institution  of  Electrical  Engineers, 

May  13,  1909.)     Gift  of  C.  W.  Rice. 
Subject  List  of  Works   on  the   Laws   of   Industrial   Property  in  the 

Library  of  the  Patent  Office.     Loruion,  1909.     Gift  of  Great  Britain 

Patent  Office. 
U.   S.   Patent  Office.     Report   of  the  Commissioner,  Vol.  3.,  1856.     Vol.  1., 

1857.     Washington,  Government,  1857-58.     Gift. 
Vorlesungen  tJBER  Ingenieur-Wissenschaften.     Vol.  1.     By  G.  C.  Mehrtens. 

Leipzig,  W.  Engelmann,  1908.     Purchase. 
Western  Australia  Geological  Survey.     Bulletin   No.   32.     Perth,   R.   S. 

Sampson,  1908.     Gift. 
Western    Canada    Railway    Club.     Official    Proceedings.     Vol.    1.     No.    4. 

May,  1909.     Winnipeg,  1909.     Gift. 
Wisconsin  Gas  Association.     Journal  of  Proceedings.     First-Seventh  Annual 

Conventions.     Milwaukee,  1902-1908.     Gift  of  Wisconsin  Gas  Association. 
Wisconsin  Railroad  Commission.     Second  Annual  Report.     Madison,  1908. 

Gift  of  Railroad  Commission  of  Wisconsin. 
Zeitschrift    FtJR    DIE   Gesamte  Kalte-Industrie.     Vol.     l()-date.     Munich, 

1909-date.     Subscription. 

EXCHANGES 

American    Railway   Association.     Proceedings    of    Session,    May    19,    1909. 

New   York,  1909. 
American  Society  of  Civil  Engineers.     Transactions.     Vol.  G3.     New  York, 

1909. 
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American  Society  of  Naval  Engineees.     List  of  Members,  1909.     Washing- 
ton, 1909. 
American  Water  Works  Association.     Proceedings.     1908.     Charleston,  1909. 
Engineers'  Club  of  St.  Louis.     Fourteenth  Annual  Bulletin.     St.  Louis,  Mo., 

1909. 
Engineers'  Society  op  Western  Pennsylvania.     Charter,  By-Laws,  List  of 

Members,  1909.     Pittsburg,  1909. 
Institution  op  Civil  Engineers.     Minutes  of  Proceedings.     Vol.  175.  London,  m 

1909.  \ 

Institution  of  Civil  Engineers.     Subject  Index  to  Minutes  of  Proceedings. 

Vol.  119-170.     London,  1909. 
Institution  op  Mechanical  Engineers,  List  op  Members.     March  1,  1909. 

London,  1909. 
Municipal  Engineers  of  the  City  op  New  York.     Constitution,  By-Laws, 

List  of  Members  and  Annual  Report,  1908.     New  York,  1909. 
U.  S.  Commissioner  op  Education.     Report.     Vol.   1-2,   1908.     Washington, 

Government,  1908.  g 

U.  S.  Patent  Office.     Annual  report  of  the  Commissioner  of  Patents  for  1908.  I 

Washington,  1909.  f 

TRADE  PUBLICATIONS 

Association   op   Licensed  Automobile  Manufacturers,  7  E.  4^d  St.,  New 

York. 
The  Automobile  as  a  Feeder  of  Civilization.     By  H.  F.  Cuntz,  showing  the 

growth  of  the  automobile  industry. 
E.  W.  Bliss  Co.,  Brooklyn,  N.  Y.     Catalogue  on  steam  turbines. 
Boston  Incandescent  Lamp  Co.,  Danvers,  Mass.     Economy  of  electric  lamps. 
The  Bristol  Co.,  Waterhury,  Conn.     Bulletin  No.  104,  May  1909;  recording 

gauges  for  all  commercial  ranges  of  pressure  and  vacuum. 
Edwin  Burhorn,  71  Wall  St.,  New  York.     Costs,  construction  and  tests  of  cool- 
ing towers.     Catalogue  of  riveted  pipes,  flanges,  fittings,  etc.,  and  of 

internally  fired  boilers. 
Carrier  Air  Conditioning  Co.,  op  America,  S9  Cortlandt  St.,  New  York. 
Catalogue   of    Refrigeration    Plants,    refrigerating    machines,    air    washers, 

humidifiers. 
Champion  Rivet  Co.,  Cleveland,  0.     Victor  boiler,  structural  and  ship  rivets. 
Coffin  Valve  Co.,  Boston,  Mass.     Sluice  and  gate  valves;  fire  hydrant,  check, 

air  valves;  electric  valves;  light  and  heavy  pressure  gate  valves,  ball  bear- 
ing two-speed  hoists,  filter  apparatus. 
Joseph  Dixon  Crucible  Co.,  Jersey  City,  N.  J.     Valuable  graphite  products 

and  their  use  in  commerce  and  industry. 
Erie  Foundry  Co.,  Erie,  Pa.     Description  of  Erie  mechanical  stoker  for  boilers 

of  50  h.p.  and  above. 
Thomas  A.  Ford  Co.,  New  York.     Steam  and  water  specialties  as  regulators, 

steam  traps,  reducing  valves,  pump  governors,  electric  pump  controllers, 

relief  valves,  fire  hydrants. 
Frick  Company,  Waynesboro,  Pa.     Catalogues  of  all  styles  of  cooling  devices; 

of  traction  engines,  smoke  stacks,  water  wagons,  plowing  engines,  etc.; 

of  Echpse  CorUss  steam  engines;  of  Eclipse  patent  triple-pipe  brine  cooler. 
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General  Electric  Co.,  Schenectady,  N.  Y.  Bulletin  No.  4394  C:  belt-driven 
alternators;  Bulletin  No.  4661:  aluminum  lightning  arresters  for  alternat- 
ing current  circuits;  Bulletin  No.  4662:  Thomson  recording  wattmeters 
for  switchboard  service;  Bulletin  No.  4663:  Multigap  lightning  arresters 
for  alternating  currents;  Bulletin  No.  4664:  direct-connected  engine-driven 
railway  generators;  Bulletin  No.  4666:  improved  type  "H"  transformers; 
Bulletin  No.  4668:  G.  E.  216A  riilway  motor;  Bulletin  No.  4669:  Curtis 
steani  turbines  for  low  pressure  and  mixed  pressure;  Bulletin  No.  4670: 
gaskets  and  bell  mouths  for  conduit  wiring  marine,  railway  car  equipment 
and  underground  work;  Bulletin  No.  4672:  electric  drive  for  large  printing 
presses;  Bulletin  No.  4673:  Pittsburg,  Harmony,  Butler  and  New  Castle 
1200-volt  D.  C.  Railway;  Bulletin  No.  4674:  polyphase  induction  motors; 
Bulletin  No.  4679:  Type  DLC  commutating  pole  motor.  Also  folders 
on  various  products  of  the  company,  Index  to  their  Bulletins,  and  price 
lists. 

IsoLAWERKE,  OerlikoTi,  Zurich.  Catalogue  of  special  products  in  insulating 
materials  for  electric  work. 

Manistee  Iron  Works,  Manistee,  Mich.  Catalogue  of  steam  valveless  duplex 
pump. 

Mason  Regulator  Co.,  Boston,  Mass.  General  catalogue  No.  58:  regulating 
appliances. 

I.  S.  Morris  Co.,  Philadelphia,  Pa.  Bulletin  No.  1:  detail  construction  and 
cross-sections  of  turbines  and  centrifugal  pumps. 

National  Electric  Lajup  Association,  Cleveland,  0.  Carbon,  Gem,  Tantalum 
and  Tungsten  incandescent  lamps. 

Nernst  Lamp  Co.,  Pittsburg,  Pa.     Catalogue  No.  5,  January  1907:  Nernst  lamps. 

Niles-Bement-Pond  Co.,  New  York.  Catalogue  of  cyclone  high-speed  chain 
hoists  with  self-lubricating  bearings. 

Northwestern  Expanded  Metal  Co.,  Chicago,  111.  Information  on  cost  data, 
precautions,  tests,  concrete  formulae,  cost  of  steel  and  expanded  metal 
useful  in  plans  for  concrete  buildings. 

Oesterlein  Machine  Co.,  Cincinnati,  0.  No.  20  and  34  Plain  Milling  Machines; 
No.  24  and  30  Universal  Milling  Machines;  Universal  Cutter  and  Tool 
Grinder  No.  2. 

P.  Pryibil,  512-524  W.  41st  St.,  New  York.  Catalogues  of  woodworking  and 
power  transmitting  machinery. 

Railway  List  Co.,  Chicago,  III.  Monthly  Official  Railway  List,  May  1909.  Vol. 
28. 

Reliance  Electric  &  Engineering  Co.,  Cleveland,  0.  Bulletin  on  the  crank 
shaper. 

Risdon-Alcott  Co.,  Mt.  Holly,  N.  J.  Catalogue  of  turbine  water-wheels,  cylinder 
and  register  gate  turbines  and  all  makes  of  turbines. 

Joseph  T.  Ryerson  &  Son,  Chicago,  III.  Monthly  journal  for  July  1909,  descrip- 
tive of  supplies  of  the  company. 

Shaw  Electric  Cr.vne  Co.,  Mvskegon,  Mich.     Catalogue  of  electric  cranes. 

Standard  Sanitary  Mfg.  Co.,  Canada.  Notes  on  the  decision  in  the  suit  of  the 
Standard  Sanitary  Mfg.  Co.  vs.  the  Standard  Ideal  Co. 

Underfeed  Stoker  Co.  op  America,  Chicago,  III.  Publicity  Magazine,  July 
1909,  containing  articles  on  Clyde  Iron  Works,  etc. 
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United  Electric  Light  &  Power  Co.,  New  York.  Light,  May  1909,  Vol.  3, 
No.  5:  proper  lighting  of  churches;  electric  signs  in  New  York  City;  June 
1909,  Vol.  3,  No.  6:  installation  of  electric  light  in  Paterno  Castle;  July 
1909,  Vol.  4,  No.  7:  electric  rock  drills,  electric  vacuum  cleaners,  decorative 
lighting  at  the  Arion  Club,  New  York. 

Karl  Vesterdahl  &  Co.,  90  West  St.,  New  York.  Refrigerating  machinery  and 
diagrams  of  standard  ice  plants. 

Whitlock  Coil  Pipe  Co.,  Hartford,  Conn.  Catalogues  of  Automobile,  Coil  and 
Bend,  Heater  and  Plumbers'  Supply  Departments. 

Williamson  Submarine  Corporation,  Norfolk,  Va.  Submarine  Bulletin,  May, 
1909,  Vol.  2,  No.  1:  Williamson  submarine  tube-caisson;  July  1909:  sub- 
marine tube-caissons  at  the  Seattle  Exposition  and  article  I)y  H.  Abiff: 
Overcoming  the  Elements. 

R.  Wolf,  Magdeburg,  Germany.  A  .500-050  h.p.  i)atent  reciprocating  steam 
engine. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  reqiiests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  reijuest.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  loth  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society, 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society  who  are 
capable  of  filling  responsible  positions.     Information  will  be  sent  upon  application. 


POSITIONS    AVAILABLE 

073  Supervisor  of  labor  for  factory  employing  500  men.  Line  machine 
tools.  Location  Ohio.  Applicant  must  be  specially  qualified  to  handle  all 
matters  pertaining  to  the  employment  and  efficiency  of  labor.  Give  full  par- 
ticulars regarding  quahfications,  stating  experience  in  detail,  especially  during 
past  five  years;  state  age  and  education. 


MEN    AVAILABLE 

277  Member,  graduate  M.  I.  T.,  nine  years'  experience  in  mechanical  engineer- 
ing instruction  and  practice,  desires  commercial  engagement  in  or  near  Chicago, 
Strength  of  materials  and  testing  a  specialty. 

278  Member,  with  fifteen  years'  experience,  expert  on  gas  engines,  producers 
and  furnaces,  gasoline  and  oil  engines,  pumping  machinery;  both  designer  and 
superintendent.  At  present  chief  engineer  of  medium-sized  shop.  University 
graduate,  best  of  references. 

279  Junior,  experienced  in  design  of  machines  used  in  paper,  rubber,  food, 
chemical  and  allied  industries;  at  present  located  in  middle  west,  desires  position 
in  or  near  New  York  City. 

280  Member,  age  40,  desires  position  as  assistant  superintendent  or  designer 
of  special  machinery.  Has  had  experience  with  paper  bag  and  envelope  machinery, 
steam  disinfecting  and  sterilizing  apparatus.  Nine  years  superintendent  of 
large  blower  works,  four  years  with  largest  maiuifacturers  of  power  transmission 
apparatus. 

281  Mechanical  and  civil  engineer,  technical  graduate,  energetic,  aggressive 
and  systematic,  16  years  experience  as  designer,  chief  draftsman  and  engineer. 
Conversant  with  both  mechanical  and  structural  work.  Desires  responsible  posi- 
tion with  first-class  firm  in  engineering  or  executive  capacity. 
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282  Junior  member,  graduate  mechanical  engineer,  at  present  draftsman  for 
company  manufacturing  gasoline  and  electric  autos  and  motor  buggies;  desires 
position  with  automobile  concern  which  will  yield  experience  in  all  branches  of 
the  business  and  offer  opportunity  for  advancement.  Experienced  especially 
in  automobile  and  electrical  engineering.  Can  demonstrate  and  sell,  design  and 
superintend  construction. 

283  Electrical  and  mechanical  engineer,  Cornell  graduate,  age  32.  Practical 
experience  power  plant  and  shop  superintendence;  electric  and  pneumatic  power 
distribution;  application  of  electricity  in  manufacturing  plants;  specification  work 
and  correspondence.  Broad  knowledge  of  general  machinery;  executive  and 
business  ability;  highest  endorsements. 

284  Junior  member,  at  present  engaged  with  company  operating  blast  fur- 
naces, mines  etc.,  famiUar  with  manufacture  of  merchant  pig  iron,  including 
Gayley  Dry  Blast,  and  all  details  entering  into  plant  operation;  can  handle  men 
and  produce  results. 

285  Junior  member  would  like  position  as  instructor  in  mechanical  engineer- 
ing. Graduate  M.  I.  T.,  taught  in  technical  schools  for  over  two  years,  and  with 
experience  in  engineering  practice. 

286  Gas  and  power  plant  engineer  open  for  an  engagement  (for  two  years). 
Salary  $6000  per  annvma.     Specialty,  construction  and  reorganization. 

287  Recent  graduate  Stevens  Institute,  desires  to  locate  with  concern  engaged 
in  manufacture  of  gas  or  steam  engines,  turbines,  etc.  Will  start  in  foundry  or 
shop. 

288  Superintendent  of  blast  furnaces  and  rolUng  mills  of  large  Pennsylvania 
corporation,  drafting,  rolhng-mill  design  and  machinery  sales.  Experience  covers 
twenty  years. 

289  Member,  fifteen  years'  experience  on  engines,  boilers,  condensers,  heaters, 
piping,  and  power  plants.  Has  finished  present  construction  work  and  desires 
engagement  in  New  England  with  manufacturer  or  as  representative  on  salary 
or  commission.     Age  thirty-nine.     First-class  references. 

290  Mechanical  engineer,  having  large  practical  foundry  and  machine  shop 
experience,  as  well  as  technical  education,  is  open  for  temporary  engagement  to 
investigate  and  adjust  complaints,  superintend  installations  of  machinery,  or 
furnish  reports  on  examination  of  machines,  power  and  industrial  plants. 

291  Junior  member,  just  returned  from  an  extended  trip  of  study  and  inspec- 
tion of  railroad  and  shop  practice  in  Europe.  Has  had  three  years'  practice  in 
locomotive  and  gas  engine  constructions.  Seeks  foreign  representation  of  some 
machine  tool  manufacturing  company.  Speaks  German.  Member  of  German 
Society  of  Engineers.  Would  consider  a  railroad  position  in  operating  or  motive 
power  department. 
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292  Massachusetts  Institute  of  Technology  course  in  mining  and  metaUurgy, 
also  mechanical  engineering  one  year.  Varied  practical  experience  as  draftsman, 
car  designer,  superintendent,  manager,  executive  positions,  in  charge  of  buying, 
selling,  works  management  and  entire  charge  of  business  employing  maximum 
of  700  men.  Have  patented  about  50  inventions  particularly  relating  to  struc- 
tural iletails  of  railroad  cars. 

293  Member,  technical  graduate,  thirteen  years'  practical  experience,  drafting 
machine  tools,  cranes,  etc.,  heavy-duty  steam,  gas  and  special  heat-engine  design, 
testing  and  operation,  also  operation  of  large  A.C  and  D.C.  power  plants;  desires 
position  as  chief  engineer  or  designer  for  engine  builder,  or  as  master  mechanic 
of  large  plant. 

294  Sales  engineer  for  special  machinery  or  plant  equipment.  Broad  execu- 
tive and  shop  experience,  accurate  estimator.  Competent  to  manage  office  or 
plants.     Eastern  states  preferred. 

295  Works  manager  or  superintendent,thoroughly  experienced  in  modern 
machine  shop,  foundry  and  manufacturing  practice,  office  systems,  etc.  Success- 
fully filled  similar  positions  for  fifteen  years.  Good  organizer  and  can  turn  out 
high-grade  work  at  low  cost. 

296  Mechanical  engineer  with  six  years'  experience  in  industrial  engineering, 
will  be  open  for  engagement  about  October  1.  Desires  position  in  or  near  New 
York  City. 

297  Graduate  M.  I.  T.,  experience  in  shop,  drafting  and  as  mechanical  engi- 
neer for  large  manufacturers  of  shoe  machinery,  including  wide  range  of  work  on 
design  of  interchangeable  machinery;  experience  in  building  extensions  to  factory, 
rearrangement  of  machinery,  etc.  Would  hke  position  of  further  responsibility 
either  in  engineering  or  manufacturing  line.     Some  teaching  experience. 

298  Junior  member,  graduate  in  mechanical  engineering,  Uniyersity  of 
Illinois;  competent  to  engage  as  factory  manager,  superintendent  or  chief  engi- 
neer. Experience  as  instructor  in  charge  of  shops  and  mechanical  engineering 
course. 

299  Experienced  superintendent  modern  shop  and  foundry.  Qualified  to 
take  charge  of  production  or  full  management.  Technical  and  practical.  Good 
organizer  and  executive. 
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CHANGES  OF   ADDRESS 

ACKERMAN,  Wm.  S.  (1891;  1895;  1899),  Cons.  Engr.,  Colt  Bldg.,  Paterson, 

N.  J. 
ADAMS,   Walter  H.    (Junior,    1908),   Prof.   Mech.   Engrg.,   Imperial  Pei-Yang 

Univ.,  Tientsin,  China. 
ARNOLD,  George  (1904),  Cleveland  Frog  and  Crossing  Co.,  and /or  mail,  7108 

Hough  Ave.,  Cleveland,  O. 
BARY,  Mark  (Associate,  1903),  care  of  M.  F.  Levy,  621  Symes  Bldg.,  Denver, 

Colo. 
BEECHER,  J.  F.  (Associate,  1908),  Draftsman,  Pa.  Steel  Co.,  and /or  mail,  203 

State  St.,  Harrisburg,  Pa. 
BIGELOW,  Charles  H.  (1904),  with  Chas.  T.  Main,  45  Milk  St.,  Boston,  Mass. 
BLACK,  Edward  S.  (1903),  1407  Ry.  Exchange  Bldg.,  Chicago,  111. 
BLUMGARDT,  Isaac  E.  (Associate,  1908),  Hotel  Florence,  Tarrytown,   N.  Y. 
BRADSHAW,  Grant  D.  (Junior,  1904),  Cons.  Engr.,  77  Jackson  Blvd.,  Chicago, 

III. 
BRENDLINGER,  Wm.  B.   (Associate,  1907),  Mgr.,  I  ngersoll-Rand  Co.,   1226 

Farmers'  Bank  Bldg.,  Pittsburg,  Pa. 
BROOKS,  Paul  Raymond  (Junior,  1905),  Union  Bag  and  Paper  Co.,  Sandy  Hill, 

N.  Y. 
BROWN,  Donald  S.  (Junior,  1908),  Westinghouse  Elec.  and  Mfg.  Co.,  Pittsburg, 

Pa. 
BULKLEY,  J.  Norman  (1902),  Cons.  Elec.  Engr.,  Genl.  Mining  and  Finance 

Corp.,  and /or  mail,  P.  O.  Box  1242,  Johannesburg,  Transvaal,  South  Africa. 
BURGOON,  Charles  Eli  (1907),  Asst.  Inspecting  Engr.,  Isthmian  Canal  Com., 

and  18  Iowa  Circle,  Washnigton,  D.  C. 
CARACRISTI,  Virginius  Z.  (1904;  1907),  2205  Hanover  Ave.,  Richmond,  Va. 
CARSTENS,  Alexander  Bismarck  (1906),  Gen.  Mgr.,  Cia  Minera  del  Sur.  S.  A., 

Sola  de  Vega,  and  Mina  San  Pablo,  Teojomulco,  and  for  mail,   Apartado 

Postal  74,  Oaxaca,  Mexico. 
CHACE,  William  W.  (1908),  Mech.  Engr.,  Cleveland  Twist    Drill    Co.,  and /or 

mail,  9716  Logan  Court,  Cleveland,  O. 
CHAMBERLAIN,  George  E.  (1907),  La  Grange,  111. 
CHRISTIE,  Alexander  G.  (Associate,  1907),  Asst.  Prof.  Steam  Engrg.,  Univ.  of 

Wisconsin,  and  1713  Monroe  St.,  Madison,  Wis. 
CHURCH,  Elihu  C.  (Junior,  1908),  Siasconset,  Nantucket  Is.,  Mass. 
CLEMENS,  A.  B.  (1904),  Prin.,  Sch.  Me-h.  Engrg.,  Internatl.  Corr.  Schools,  and 

1003  Quincy  Ave.,  Scranton,  Pa. 
COLVIN.  Fred  Herbert  (1895;  1899),  Assoc.  Editor,  Am.  Machinist,  505  Pearl 

St.,  New  York,  N.  Y.,  and /or  mail,  56  N.  Maple  Ave.,  East  Orange,  N.  J. 
CROSBY,  William  Wyman  (1900;  1902),  with  F.  W.  Dean,  Mill  Engr.  and  Arch., 

Rm.  1112,  53  State  St.,  Boston,  and  41  Arlington  Rd.,  Woburn,  Mass. 
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DAVIS,  Charles  Ethen  (1896),  Genl.  Mgr'.,  Warner  Gear  Co.,  Muncie,  Ind. 

DECKER,  Edward  P.  (1906),  Engr.,  Kemiweld  Can  Co.,  and  79  Pingree  Ave., 
Detroit,  Mich. 

DODDS,  William  B.  (Junior,  1907),  Cons.  Light,  Power  and  Ice  Co.,  Joplin,  Mo. 

DOHERTY,  Henry  L.  (1903),  Pres.,  Denver  Gas  and  Elec.  Co.,  60  Wall  St.,  New 
York,  N.  Y. 

DONNELLY,  William  T.  (1903),  Cons.  Engr.,  135  Broadway,  New  York,  N.  Y. 

DOUD,  Arthur  T.  (Junior,  1907),  Mech.  Engr.,  Hale-Kilburn  Metal  Co.,  Glen- 
wood  Ave.  and  19th  St.,  Philadelphia,  and  6365  Sherman  St.,  Germantown, 
Phil?dolphia,  Pa. 

DUNN,  Charles  (1S97),  Hanover,  N.  H. 

ELDRED,  Byron  E.  (1899;  1903),  Pres.,  Commercial  Research  Co.,  149  Broad- 
way, New  York,  and  Box  4,  Tuckahoe,  also  Bronxville,  N.  Y. 

ELVIN,  Albert  Geo.  (1907),  Asst.  to  V.  P.,  Franklin  Ry.  Supply  Co.,  30  Church 
St.,  New  York,  N.  Y. 

FLETEMEYER,  Louis  H.  (Jimior,  1906),  1425  Salem  St.,  Lafayette,  Ind. 

GAY,  Harry  (Associate,  1907),  A.  L.  Drum  &  Co.,  624  Am.  Trust  Bldg,  and/ar 
mail,  7111  Princeton  Ave.,  Chicago,  111. 

GERRTSH,  William  H.  (1901),  Supt.  Soft  Fibre  Dept.,  Columbian  Rope  Co., 
and  for  mail,  Osborne  House,  Auburn,  N.  Y. 

HAGERTY,  Walter  W.  (Junior,  1905),  P.  O.,  Middletown,  Orange  Co.,  N.  Y. 

HEARNE,  Robert,  J.  (1907),  Secy,  and  Treas.,  Durbrow  &  Hearne  Mfg.  Co., 
12  Wooster  St.,  and  46  E.  82d  St.,  New  York,  N.  Y. 

HELVEY,  Geo  Stanley  (Junior,  1904),  Mgr.  of  Shops,  Imperial  Motor  Car  Co., 
and /or  mail,  303  N.  2d  St.,  Hamilton,  O. 

HENRY,  Geo.  J.,  Jr.  (1901),  Ch.  Engr.,  Pelton  Water  Wheel  Co.,  Rm.  1099 
Monadnock  Bldg.,  and  3999  Clay  St.,  San  Francisco,  Cal. 

HERRICK,  James  A.  (1880),  Rm.  1603,  2  Rector  St.,  New  York,  N.  Y. 

HERRON,  James  H.  (1897;  1905),  Mgr.,  Motch  &  Merryweather  Mchy.  Co. 
1124  Farmers'  Bank  Bldg.,  Pittsburg,  and  Elmhurst  Inn,  Sewickley,  Pa. 

HIGGINS,  Albert  W.  (Associate,  1906),  Engr.,  Hill-Hupfel  Engrg.  Co.,  30 
Church  St.,  New  York,  N.  Y. 

HILL,  Thomas  (19C0),  Cons.  Engr.,  2102  Jersey  St.,  and  2102  Lawndale,  Quincy, 
111. 

HOLLMANN,  Frederick  W.  (Junior,  1907),  Asst.  Mech.  Engr.,  Carborundum  Co., 
Niagara  Falls,  N.  Y. 

IRELAND,  Mark  L.  (Junior,  1902),  1st.  Lieut.,  Ordnance  Dept.,  U.  S.  A.,  Water- 
town  Arsenal,  Watertown,  Mass. 

JAKOBSSON,  Herman  G.  (1907),  Ordnance  Designer,  Rm.  135,  Bureau  of  Ord- 
nance, War  Dept.,  and  3  Stanley  Apts.,  Harvard  St.,  Washington,  D.  C. 

JETT,  Carter  C.  (Junior,  1902),  6-38  Oak  Hill  Ave.,  Youngstown,  O. 

JOHNSON,  J.  E.,  Jr.  (1896;  1901).  Genl.  Supt.,  Thomas  Div.,  Republic  Iron  and 
Steel  Co.,  Thomas,  Ala. 

JONES,  Jarrard  E.  (Junior,  1903),  U.  S.  S.  South  Carolina,  Cramp's  Shipyard, 
Philadelphia,  Pa. 

JURGENSEN,  Jess  Christian  (Associate,  1905),  29  W.  97th  St.,  New  York,  N.  Y. 

KEELY,  Royal  R.  (1901;  1907),  Prof.  Elec.  Engrg.,  Nova  Scotia  Tech.  College, 
Hahfax,  N.  S. 

KEMBLE,  Parker  H.  (1908),  62  Montague  St.,  Brooklyn,  N.  Y. 
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KENT,  Win.  (1880),  Manager,  1885-1888;  V.  P.,  1888-1890;  326  Washington  St., 

Sandusky,  O. 
KNOX,  8.  L.  Griswold  (1892;  1901),  V.  P.  and  Ch.  Engr.,  Bucyrus  Co.,  South 

Milwaukee,  Wis. 
LARNER,  Chester  W.  (Associate,  1907),  Hyd.  Engr.,  Wellman-Seaver-Murgan 

Co.,  and  for  mail,  6915  Euclid  Ave.,  Cleveland,  O. 
LATTA,  Nisbet   (Junior,  1902),  Mill  and  Gas  Eng.  Dept.,  AUis-Chalmers  Co.. 

West  Allis,   Wis. 
LEE,  Ralph  A.  (Junior,  19C'9),  Asst.  Bldg.  Supt.,  with  Walter  Kidde,  140  Cedar 

St.,  New  York,  and /or  mail,  414  78th  St.,  Brooklyn,  N.  Y. 
LEE,  Wm.  F.  (1907),  1111  E.  Main  St.,  Richmond,  Va. 
LELAND,  Frederic  H.  (1907),  Production  Engr.,  122  Elniwood  Ave.,  Narberth, 

Pa. 

LEWIS,  Wm.  Y.  (1902),  20,  Pennard  Mansions,  Shepherds  Bush,  London,  W., 
England. 

LILLIBRIDGE,  Ray  D.  (Associate,  1907),  Suite  20,  100  Broadway,  and  P.  O. 

Box  824,  New  York,  N.  Y. 
LOCKW'OOD,  Burns  D.  (1907),  Asst.  Ch.  Engr.,  Pressed  Steel  Car  Co.,  McKees 

Rock,  and /or  mail,  444  Dawson  Ave.,  Bellevue,  Pa. 
LYMAN,  Elihu  Root  (Junior,  1904),  Mech.  Engr.,  U.  S.  Heater  Co.,  and /or  mail, 

934  Lafayette  Blvd.,  Detroit,  Mich. 
MacINTIRE,  Horace  Jas.  (Junior,  1907),  Instr.  Engrg.   Dept.,  Harvard  Univ., 

Cambridge,  Mass. 
MacLAUCHLAN.  James  H.  (1907),  Engr.,  Am.  Cement  Engrg.  Co.,  Yorktown, 

Va. 
MacPHERSON,  James  Day    (1899),    Ch.    Engr.,  Adolphus    Busch,    Purchaser 

of  Am.  Diesel  Eng.  Co.,  and /or  mail,  3513  Halliday  Ave.,  St.  Louis,  Mo. 
MORGAN,  Lewis  Henry  (1904;  1906),  Nuthurst,  Nantwich,  Cheshire,  England. 
MORITZ,  Albert  (1905),  Comdr.  U.  S.  NavT,  Ret.,  723  E.  18th  St.,  Brooklyn, 

N.  Y. 

N.\YLOR,  Chas.  Wm.  (1905),  Ch.  Engr.,  Marshall  Field  &  Co.,  83  State  St.,  and 

for  mail,  4429  Congress  St.,  Chicago,  111. 
NEWCOMB,  Chas.  L.,  Jr.  (Associate,  1908),Deane  Steam  Pump  Co.,  and /or  ??ia27, 

57  Fairfield  Ave.,  Holyoke,  Mass. 
NICKERSON,  Ralph  R.  (Junior,  1907),  65  Otis  St.,  East  Cambridge,  Mass. 
NICKLIN,  Ernest  W.  (1900;  Associate,  1907),  Diamond  Specialty  Co.,  and  421 

Cadillac  Ave.,  Detroit,  Mich. 
OSBOURN,  Millard  P.  (Junior,  1901),  Osbourn  &  Robinson,  320  Penna.  Bldg., 

Philadelphia,  Pa. 
PEARSON,  Walter  Ambrose  (1907),  Asst.  Genl.  Mgr.,  Rio  de  Janeiro  Tramway 

Lgt.  and  Power  Co.,  Avenida  Central  76,  Rio  de  Janeiro,  Brazil,  South 

America. 
PENNINGTON,  James  11.  (1902),  Mech.  Engr.,  Supt.  of  Cons,  and  Power,  Am- 

Smelting  and  Refining  Co.,  Perth  Amboy  Plant,  Maurer,  and  for  mail.  1 

Lewis  St.,  Perth  Amboy,  N.  J. 
PINGER.  Geo.  C.  (Junior.  1907),  Driggs-Seabury  Ordnance  Corps,    Sharon,  Pa. 
RENNER,  Roland  B.  (Junior,  1906),  226  Buttles  Ave.,  Columbus,  0. 
RUPP,  Maiming  E.  (Junior,  1909),  Gatun,  Canal  Zone,  C.  A. 


CHANGES    IN    MEMBERSHIP  937 

SARENGAPANI,  T.  S.  (Junior,  1903),  Head  Draftsman  P.  W.  1).,  Guntur  Dist., 

Madras,  India. 
SAR  VANT,  Wilbur  N.  (Junior,  1907),  109  Halsey  St.,  Newark,  N.  J. 
SERGEANT,  Chas.  H.  (1895),  625  W.  138th  St.,  New  York,  N.  Y. 
SHENBERGER,  Geo.  H.   (Junior,  1909),  Cast  Thread  twitting  and  Fdy.  Co., 

Seneca  Falls,  N.  Y. 
SINCLAIR,  Angus  (1883),  Editor  and  Pubhsher,  114  Liberty  St.,  New  York, 

N.  Y.,  and  for  mail,  JVIillburn,  N.  J. 
SPRADO,  Ralph  (1900),  1604  San  Antonio  Ave.,  Alameda,  Cal. 
STOUGHTON,  Edwin  R.  (Associate,  1907),  The  Charlevoix,  Apt.  1107,  Detroit, 

Mich. 
STRATTON,  H.  F.  (Junior,  1904),  Sales  Mgr.,  Elec.  Controller  &  Mfg.  Co.,  and 

for  mail.  Suite  7,  1523  E.  Boulevard,  St.  Louis,  Mo. 
STROM,  Carl  A.  (1905),  Mgr.,  Rogers  Wks.,  Am.  Loco.  Co.,  Paterson,  N.  J. 
STURGESS,  John  (1901),  Plyd.  Engr.,  9  Arch  St.,  Akron,  O. 
SULLIVAN,  Lucien  N.    (1903),  Translator  War  Dept.,  Army  War  College,  and 

far  mail,  2207  1st  St.,  N.  W.,  Washington,  D.  C. 
TADDIKEN,  J.  F.,  Jr.  (Junior,  1907),  Am.  Beet  Sugar  Co.,  ChinK),  Cal. 
TAKEO,  Toshisuke  (1908),  Cons.  Engr.,  Yoshinotani  Coal  Mining  Co..  Ltd., 

Genl.  Mgr.,  Karatsu  Iron  Wks.,  Karatsu,  Hizen,  Japan. 
TOW^N,  Frederic  E.  (1905),  Otis  Elevator  Co.,  Keenan  Bldg.,  Pittsburg,  Pa. 
VALENTINE,  Warren  P.  (Junior,  1904),  Gen.  DeUvery,  Holyoke,  Mass. 
VOSE,  Fred  Hale  (Junior,  1906),  Mech.  Engrg.  Dept.,  Case  Sch.  of    Applied 

Science,  and /or  mail,  10521  Lee  Ave.,  Cleveland,  O. 
WARG,  Robert  (1903),  Natl.  Blower  Wks.,  17th  St.  and  St.  Paul  Ave.,  and  319 

Farwell  Ave.,  Milwaukee,  Wis. 
WARREN,  Ambrose  Gilmore  (1907),  Mech.  Engr.,  J.  W.  Paxson  Co.,  1607  Mt. 

Vernon  St.,  Philadelphia,  Pa. 
WATSON,  George  L.  (Junior,  1905),  P.  O.  Box  448,  Dover,  Del. 
WOLDENBERG,   Izydor   (Junior,    1903),   Ingersoll-Rand  Co.,  m.b.H.  Ferencz 

Jozsef  Rakpart  IF,  Budapest,  Austria-Hungary. 
WRIGHT,  Reginald  A.  (1907),  Ch.  Draftsman,  Phila.  Coal  and  Iron  Co.,  and 

for  mail,  7  S.  6th  St.,  Pottsville,  Pa. 
YARYCAN,  Edward  B.  (Junior,  1903),  Supt.,  Yaryan  Naval  Stores  Co.,  Gulf- 
port,  Miss. 
YATES,  Richard  Llewellyn   (Junior,   1907),  Ch.  Draftsman,  Waterwheel  and 

Turbine  Pump  Dept.,  Piatt  Iron  Wks.  Co..  and /or  mail,  108  Oxford  Ave., 

Dayton,  O. 

DEATHS 

GILDERSLEEVE,   David  H. 
LANDSING,  Jang. 
REED,  Wm.  T. 

NEW  MEMBERS 

AHLQUIST,  Harold  (1909),  Designing  Engr.,  Solvay   Process   Co.,   Syracuse, 

N.  Y. 
BAENDER,  Fred  Geo.  (Junior,  1909),  Mech.  Engr.,  P.  O.  Box  735,  Spokane, 

Wash. 
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BLAISDELL,  Benjamin  H.  (1909),  Ch.  Engr.  and  Supt.,  Manilla  Elec.  R.  R. 

and  Light  Co.,  P.  O.  Box  451,  Manila,  P.  I. 
BLANCHARD,  Arthur  S.  (Associate,  1909),  Asst.  to  Mgr.,  Atha  Steel  Casting 

Co.,  Newark,  and  for  mail,  25  Hampton  Terrace,  East  Orange,  N.  J. 
BLEYER,  Chas.  F.  (Junior,  1909),  Erecting  Engr.,  Allis-Chalmers  Co.,  Elyria, 

and  for  mail,  836  Cass  St.,  Milwaukee,  Wis. 
BURT,  Clayton  R.  (1909),  Genl.  Supt.,  Barber-Colman  Co.,  523  Fisher  Ave., 

Rockford,  111. 
CASTLE,  Samuel  Northrup  (Associate,   1909),  Genl.  Elec.  Co.,  30  Church  St., 

New  York,  N.  Y. 
CLANCY,  Geo.  W.  A.  (Associate,  1909),  Shop  Insp.,  New  Haven  System,  Read- 

ville,  Mass. 
FULLER,  Ray  W.  (Associate,  1909),  Supt.,  Scranton  Stove  Wks.,  Scranton,  Pa. 
GAR\7N,  George  K.  (1909),  Pres.,  Garvin  Mch.  Co.,  Spring  and  Varick  Sts.,  New 

York,  N.  Y. 
JENKS,  Glen  F.  (Junior,  1909),  Capt.  Ordnance  Dept.,  U.  S.  A.,  Frankford 

Arsenal,  Philadelphia,  Pa. 
MAYALL,  E.  L.  (1909),  Genl.  Supt.,  Rock  Island  Plow  Co.,  and  1003  2d  Ave., 

Rock  Island,  111. 
MORAT,  Jacques  (1909),  Spuyten  Duyvil,  N.  Y. 
NICHOLL,  John  Seymour  (Junior,  1909),  Acting  Mgr.,  F.  W.  Home,  Importer 

Am.  Mchy.,  70-C,  Yokohama,  Japan. 
OTTO,  Henry  S.  (Junior,  1909),  Messrs.  Munroe  &  Co.,  rue  Scribe  7,  Paris,  France. 
PINNER,  Seymour  Wm.  (Junior,  1909),  Instr.,  Univ.  of  Michigan,  and /or  mail, 

608  E.  Madison  St.,  Ann  Arbor,  Mich. 
RUPP,  Manning  E.  (Junior,  1909),  Computer-Estimator,  Isthmian  Canal  Com., 

Culcbra,  Canal  Zone,  C.  A. 
SHAW,  James  C.  (1909),  Engr.  and  Tech.  Adviser,  Kawasaki  Dockyard  Co., 

Ltd.,  Kobe,  Japan. 
SHIELDS,  George  Rex  (Associate,  1909),  Engr.,  Improved  Equipment    Co., 

60  Wall  St.,  New  York,  N.  Y. 
STACKS,  H.  Roy  (1909),  Supt.,  Geo.  V.  Cresson  Co.,  18th  and  Allegheny  Ave., 

Philadelphia,  Pa. 
STEWART,  Chas.  E.  (Junior,  1908),  Asst.  Prof,  of  Mechanic  Arts,  Tufts  College, 

Tufts  College  P.  O.,  Mass. 
TOBIN,  Robert  P.  (1909),  Ch.  Tech.  Dept.,  Vacuum  Oil  Co.,  49  Federal  St., 

Boston,  Mass. 
WATERS,  WiUiam  L.  (1909),  Designing  Engr.,  Westinghouse  Elec.  and  Mfg. 

Co.,  Pittsburg,  Pa. 
WELLS,  Robert  G.  (1909),  Genl.  Mgr.,  Tata  Iron  and  Steel  Co.  Ltd.,  Sakchi, 

via  Kalimati,  B.  N.  Ry.,  India. 
WICKS,  H.  B.  Priestley  (Junior,  1908),  Genl.  Mgr.  Elec.  Dept.,  Scott  Bros.  Ltd., 

and  far  mail,  21  Grafton  St.,  Linwood,  Chri.stchurch,  New  Zealand. 


PROMOTIONS 

BIBBINS,  James  Rowland  (1904;  1909),  Engr.  Appraisal  Bureau,  Public  Service 
Com.,  1912  Tribune  Bldg.,  New  York,  N.  Y. 
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COOKE.  Morris  Llewellyn  (1903;  1909),  Cons.  Engr.,  iOl  W.  Walnut  Lane,  Ger- 

inantown,  Philadelphia,  Pa. 
DAVOUD,  Vahram  Y.  (1906;  Associate,  1909),  Elec.  Engr.,  Telluride  Power  Co., 

Provo,  Utah,  and  Univ.  Club,  Buffalo,  N.  Y. 
GROVER,  Marcus  A.  (1903;  1909),  Cons.  Engr.,  Box  590,  Birmingham,  Ala. 
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CHANGES   OF   ADDRESS 

BIBBINS,  James  Rowland  (1908),  Engr.,  Appraisal  Bureau,  Pub.  Service  Com., 

1912  Tribune  Bldg.,  New  York.  N.  Y. 
DOHERTY,  Henry  L.   (1908),  Pres.,  Denver  Gas  and  Elec.  Co.,  60  Wall  St., 

New  York,  N.  Y. 
HASBROUCK,  Stephen  A.  (Affiliate,  1909),  Cons.  Mech.  Engr.,  161  Lexington 

Ave.,  New  York,  N.  Y. 
LATTA,  Nisbet  (1908),  Mill  and  Gas  Engrg.  Dept.,  Allis-Chalmers  Co.,  West 

Allis,   Wis. 
MACPHERSON,  James  Day  (1908),  Ch.  Engr.,  Adolphus  Busch,  Purchaser  of 

Am.  Diesel  Eng.  Co.,  and /or  mail  3513  Halliday  Ave.,  St.  Louis,  Mo. 
MONAHAN,  Louis  J.  (Affiliate,  1908),  V.  P.,  Supt.  and  Mech.  Engr.,  Termaat 

&  Monahan  Co.,  and  57  Waugoo  St.,  Oshkosh,  Wis. 
SAGE,   Darrow   (Affiliate,   1908),  Hudson  &  Manhattan  R.   R.   P.M.,    Ist  and 

Washington  Sts..  Jersey  City,  N.  J. 
VOSE,  Fred  Hale  (1909),  Mech.  Engrg.  Dept.,  Case  Sch.  of  Applied  Science,  and 

for  mail,  10521  Lee  Ave..  Cleveland,  O. 

NEW  MEMBERS 

ADAMS,  Edward  T.,  (1909),  Mgr.  and  Ch.  Engr.,  Gas  and  Mill  Eng.  Dept.,  Allis- 
Chalmers  Co.,  Milwaukee,  Wis. 
ANDERSON,  Harry  Warfield  (1909),  Genl.  Mgr.,  White  Star  Auto  Co.,  and  for 

mail,  No.  6,  Lenox  Apts.,  31  Porter  PL,  Atlanta,  Ga. 
BAENDER,  Fred  Geo.  (1909),  Mech.  Engr.,  P.  O.  Box  735,  Spokane,  Wash. 
BREW,  William  P.  (Affiliate,  1909),  Commercial  Engr.,  Westinghouse  Mch.  Co., 

165  Broadway,  New  York,  N.  Y. 
CHASE,  Leon  Wilson  (1909),  Prof.  Farm  Mechanics,  Univ.  of   Neb.,  and    1245 

N.  33d  St.,  Lincoln,  Neb. 
COLLETT,  S.  D.  (1909),  V.  P.  and  Eastern  Mgr.,  Elev.  Supply  and  Repair  Co., 

114-116  Liberty  St.,  New  York,  N.  Y. 
CUMMINGS,  Wm.  Warren  (19C9),  Asst.  Mgr.,  Commercial  Dept.,  Boston  Cons. 

Gas.  Co  ,  24  West  St.,  Boston,  and  for  mail,  15  Winter  St.,  Woburn,  Mass. 
FISH,  Walter  C.  (Affiliate,  1909),  Mgr.  Lynn  Wks.,  Gen.  Elec.  Co.,  and  21  Wave 

St.,  Lynn,  Mass. 
FLEMING,  Wills  Maine  (1909),  Engr.  in  charge  Drawing  Room,  Deane  Branch, 

Internatl.  Steam  Pump  Co.,  and /or  mail,  370  Cabot  St.,  Holyoke,  Mass. 
GROVER,  Marcus  A.  (1909,  Cons.  Engr.,  Box  590,  Birmingham,  Ala. 
HALE,  Frederick  J.  (1909),  Eng.  Dept.,  Westinghouse  Mch.  Co,,  East  Pittsburg, 

and /or  mail,  1133  Franklin  Ave.,  Wilkinsburg,  Pa. 
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HAMILTON,  Clinton  A.  (1909),  Genl.  Mgr.  and  V.P.,  Wisconsin  Eng.  Co.,  and 

for  mail,  1033  Lake  Ave.,  Racine,  Wis. 
HERRICK,  James  A.  (1909),  Rm.  1603,  2  Rector  St.,  New  York,  N.  Y. 
HOWELLS,  Charles  (1909),  Supt.,  Watson-Stillman  Co.,  50  Church  St.,  and/or 

mail,  600  W.  142d  St.,  New  York,  N.  Y. 
LATHAM,  Harry  M.  (1909),  Mech.  Engr.,  Am.  Steel  &  Wire  Co.,  and /or  mail,  94 

Grove  St.,  Worcester,  Mass. 
LEE,  Francis  V.  T.  (1909),  Asst.  Genl.  Mgr.,  Pacific  Gas  &  Elec.  Co.,  445  Sutter 

St.,  San  Francisco,  and /or  mail,  59th  St.,  E.  of  College  Ave.,  Oakland,  Cal. 
MICHEL,  Arthur  Eugene  (1909),  Adv.  Engr.,  1572  Hudson  Terminal  Bldg.,  New 

York,  N.  Y. 
MOORE,  Allen  H.  (1909),  Genl.  Elec.  Co.,  and/or  matZ,  352  Western  Ave.,  Albany, 

N.  Y. 
OULD,  John  Geo.   (1909),  Supt.  and  Ch.  Engr.,  Polhemus  Memorial    Clinic, 

Brooklyn,  N.  Y. 
PATITZ,  J.  F.  Max  (1909),  Cons.  Mech.  Engr.,  AUis-Chahners  Co.,  and /or  mail, 

473  38th  St.,  Milwaukee,  Wis. 
RICE,  George  W.  (1909),  Engrg.  Dept.,  Olds  Gas  Power  Co.,  and /or  mail,  513 

Sparrow  Ave.,  Lansing,  Mich. 
ROTH,  Charles  (Affihate,  19C9),  Mech.  Engr.,  Liquid  Carbonic  Co.,  Wells  and 

Mich.  Sts.,  Chicpgo,  III. 
SAMPSON,  Chas.  C.  (Affiliate,  1909),  Inspr.  Gas  Power  Mchy.,  111.  Steel  Co., 

South  Chicago,  and  for  mail,  1475  E.  73d  St.,  Chicago,  111. 
SCOFIELD,  Edward  H.  (Affiliate,  1909),  Engr.  and  Power  Equip.,  Twin  City 

Rapid  Transit  Co.,  and  3313  Lyndale  Ave.,    S.,  Minneapolis,  Minn. 
SIMONS,  Joseph  Aiken  (Affiliate,  1909),  Mech.  Engr.,  E.  I.  du  Pont  de  Nemours 

Powder  Co.,  607  du  Pont  Bldg.,  Wilmington,  Del. 
SPRADO.  Carl  G.  (1909),  Engr.  and  Ch.  Draftsman,  Gas  and  Mill  Eng.  Dept., 

AUis-Chalmers  Co.,  and /or  mail,  752  29th  St.,  Milwaukee,  Wis. 
TROUT,  Geo.  Henry  (Affiliate,  1909),  Sales  Mgr.,  Smith  Gas  Power  Co.,  Lexing- 
ton, O. 
VAIL,  Jesse  A.  (1909),  Genl.  Mgr.,  Fairbanks,  Morse  Mfg.  Co.,  Beloit,  Wis. 
VINCENT,  Jay  Carter  (Affiliate,  1909),  Asst.  Engr.  Power  and  Equip.,  Twin 

City  Rapid  Transit  Co.,  Minneapolis,  Minn. 

DEATHS 
GILDERSLEEVE,  David  H. 


STUDENT  SECTION 

CHANGES  OF  ADDRESS 

BECKMANN,  Harry  T.  (Student,  1909),  2475  Collingwood  Ave.,  Toledo,  O. 
BROOKMAN,  H.  D.  (Student,  1909),  511  Riverside  Ave.,  WellsviUe,  O. 
COYLE,  J.  F.  (Student,  1909),  1311  Fones  Ave.,  St.  Joseph,  Mich. 
FINCH,  ElUs  J.  (Student,  1909),  260  W.  136th  St.,  New  York. 
FREYGANG,  Gustav  G.  (Student,  1909),  Engrg.  Dept.,  Natl.  Elec.  Lamp  Assc, 

4411    Hough  Ave.,   Cleveland,   O. 
HANDY,  Robert  G.  (Student,  1909),  625  University  Ave.,  Ithaca,  N.  Y. 
HOLLENBERGER,  Theo.  J.  (Student,  1909),  2564  N.  Paulina  St.,  Chicago,  111. 
LAWRENCE,  John  H.  (Student,  1909),  13  Grove  PL,  Albany,  N.  Y. 
LOCK.\RD,  J.  P.  (Student,  1909),  26  Church  St.,  Plymouth,  Pa. 
LUSE,  F.  D.  (Student,  1909),  973  E.  9th  St.,  N.,  Portland,  Ore. 
MUDD,  John  Posey  (Student,  1909),  415  CUnton  Ave.,  Rochester,  N.  Y. 
PAGE,  W.  K.  (Student,  1909),  Olean,  N.  Y. 

PARCE,.  Donald  H.  (Student,  1909),  2614  Waring  St.,  Berkeley,  Cal. 
RICHARDSON,  L.,  Jr.  (Student,  19U9),  1018  Lexington  Ave.,  Altoona,  Pa. 
ROSCOE,  A.  P.  (Student,  1909),  Oakley  Ave.,  Ozone  Park,  L.  I.,  N.  Y. 
SAWERS,  Edward  H.  (Student,  1909),  548  Lake  Ave.,  Rochester,  N.  Y. 
SCHICKEL,  Norbert  H.  (Student,  1909),  52  E.  83d  St.,  New  York. 
STEWART,  Arthur  L.  (Student,  1909),  42  Prince  St.,  Rochester,  N.  Y. 
SYMES,  W.  H.  (Student,  1909),  326  W.  Church  St.,  Marion,  O. 
WILSON,  Joseph  S.  (Student,  1909),  404  S.  Clayton  St.,  Wilmington,  Del. 

NEW  MEMBERS 

KELLOG,  E.  N.  (Student,  1909),  Vineland,  N.  J. 
VAIL,  A.  G.  (Student,  1909),  Milton-on-the-Hudson,  N.  Y. 
VAN  ETTEN,  Percy  H.  (Student,  1909),  465  Hawthorne  Ave.,  Palo  Alto,  Cal. 
ZIMMERMAN,  Peter  C-  (Student,  1909),  State  Agr.  College  of  Ore.,  CorvaUis, 
Ore. 
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COMING  MEETINGS 

September  and  October 

Secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers  are  invited 
to  send  in  their  notices  for  publication  in  this  department.  Such  notices  should  be  in  the 
editor's  hands  by  the  15th  of  the  month  preceding  the  meeting. 

AMERICAN  GAS  INSTITUTE 

October  20-22,  Hotel  Pontchartrain,  Detroit,  Mich.  Secy.,  A.  B.  Beadle, 
25  West  39th  St.,  N.  Y. 

AMERICAN   INSTITUTE   OF   MINING  ENGINEERS 

September  27-29,  Spokane,  Wash.  Papers:  Dust  Explosions;  Modern 
Progress  in  Mining  and  Metallurgy;  Ventilating  System  of  the  Comstock 
Mines;  Professional  Ethics;  Ruble  Hydraulic  Elevator;  etc.  Acting  Secy., 
Joseph  Struthers. 

AMERICAN   MINING  CONGRESS 

September  27-October  2,  Goldfield,  Neb.  Secy.,  J.  F.  Callbreath,  Jr., 
Denver,  Colo. 

AMERICAN   PUBLIC   HEALTH   ASSOCIATION 

October,  Richmond,  Va.     Secy.,  C.  O.  Probst,  Columbus,  O. 

AMERICAN   RAILWAY  BRIDGE   AND  BUILDING  ASSOCIATION 

October  19-21,  annual  convention,  Jacksonville,  Fla.  Secy.,  S.  F.  Patter- 
son, Boston  &  Maine  Ry.,  Concord,  N.  H. 

THE   AMERICAN   SOCIETY  OF   MECHANICAL  ENGINEERS 

October  12,  monthly  meeting,  29  W.  39th  St.,  New  York.  September  11, 
St.  Louis,  Mo.     Secy.,  C.  W.  Rice,  29  W.  39th  St.,  New  York. 

AMERICAN  STREET  AND  INTERURBAN  RAILWAY  ASSOCIATION 

October  4-8,  annual  convention,  Denver,  Colo.  Secy.,  Bernard  V.  Swenson, 
29  W.  39th  St.,  New  York. 

ASSOCIATION  OF  CAR  LIGHTING  ENGINEERS 

October  5-8,  annual  convention,  Chicago,  111.  Secy.,  G.  B.  Colegrove, 
6250  Drexel  Ave.,  Chicago,  111. 

CANADLIN  MANUFACTURERS  ASSOCIATION 
September  14-16,  annual  meeting,  Hamilton,  Can. 

CENTRAL  ASSOCIATION  OF  RAILROAD  OFFICERS 

September  22-24,  annual  meeting,  Cincinnati,  O.  Genl.  Secy.,  O.  G.  Fal- 
ter, Carew  Bldg. 

CENTRAL  RAILWAY  AND  ENGINEERING  CLUB  OF  CANADA 

September  21,  October  19,  Prince  George  Hotel,  Toronto,  Ont.  Papers: 
Filhng  and  Washing  out  of  Boilers,  J.  V.  Jackson;  Care  and  Maintenance 
of  Elevators,  J.  Shales.     Secy.,  C.  L.  Worth,  Union  Sta.,  Toronto. 

COLORADO  ELECTRIC  LIGHT,  POWER  AND  RAILWAY  ASSOCIATION 
October  7-9,  annual  convention,  Denver,  Colo.     Papers:  The  Commercial 
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Field;  Meters  and  Testing;  Lamps  and  Illumination.     Secy.,  J.  C.  Lawler, 

P.  O.  Box  938,  Colorado  Springs. 
INTERNATIONAL  ASSOCIATION  OF  MUNICIPAL  ELECTRICIANS 

September  14-16,  annual  convention,  Atlantic  City,  N.  J.     Secy.,  Frank 

P.  Foster,  Corning,  N.  Y. 
KANSAS  GAS,  WATER,  ELECTRIC  LIGHT  AND  STREET  RAILWAY  ASSO. 

September  23-24,  Wichita.     Secy.,  J.  D.  Nicholson,  Newton. 
NATIONAL  ASSOCIATION  OF  STATIONARY  ENGINEERS 

September  13-18,  Columbus,  O.     Secy.,  F.  W.  Raven,  325  Dearborn  St., 

Chicago,  111. 
NEW  ENGLAND  WATER  WORKS  ASSOCIATION 

September  8-10,  annual  convention.  New  York.      Secy.,  Willard  Kent,  715 

Tremont  Temple,  Boston,  Mass. 
NOVA  SCOTIA  SOCIETY  OF  ENGINEERS 

September  9-10,  annual  convention.  New  Glasgow.     Secy.,  S.  Fenn,  Halifax. 
PACIFIC  COAST  GAS  ASSOCIATION 

September  2 1-23,  San  Francisco,  Cal.     Secy.,  John  A.  Britton,  925  Franklin  St. 
PENNSYLVANIA  ELECTRIC  ASSOCIATION 

September  8-10,  annual  convention,  Eagles  Mere,  Pa.     Pres.,  L.  H.  Conklin, 

Scranton. 
RAILWAY  SIGNAL  ASSOCIATION 

October  12-14,  Louisville,  Ky.     Secy.,  C.  C.  Rosenberg,  712  North  Linden 

St.,  Bethlehem,  Pa. 
ROADMASTERS  AND  MAINTENANCE  OF  WAY  ASSOCIATION 

September  14-17,  annual  convention,  Washington,  D.  C.     Paper:  Treated 

Ties,  J.  M.  Meade.     Secy.,  W.  E.  Emery,  P.  &  P.U.  Ry.,  Peoria,  111. 
ROYAL  ARCHITECTURAL  INSTITUTE  OF  CANADA 

October   5-7,    Toronto.     Secy.,    Alcide   Chausse,    R.S.A.,    P.  O.   Box   259, 

Montreal,  Que. 
TEXAS   RAILWAY   CLUB 

September  20,  semi-annual  meeting.     Secy.,  T.  H.  Osborne,  Pine  Bluff,  Ark. 
TRAVELING  ENGINEERS'   ASSOCIATION 

September  7-10,  annual  convention,  Albany  Hotel,  Denver,  Colo.     Secy., 

W.  O.  Thompson,  N.  Y.  C.  Car  Shops,  East  Buffalo,  N.  Y. 
WESTERN  ASSOCIATION  OF  ELECTRICAL  INSPECTORS 

October  26-28,  annual  meeting,  Detroit,  Mich. 

MEETINGS  TO  BE   HELD  IN  ENGINEERING  SOCIETIES  BUILDING 

Date                           Society                                          Secretary  Time 
September 

1  Wireless  Institute S.  L.  Williams 7.30 

2  Blue  Room  Engineering  Society  W.  D.  Sprague 8.00 

3  Explorers'  Club H.  C.  Walsh 8 .30 

4  Amer.  Soc.  Hungarian  Engrs.  and  Archts.   Z.  deNemeth 8.30 

7  N.  Y.  Society  Accountants  and  Bkprs T.  L.  Woolhouse 8 .00 

8  Optometrical  Society  of  City  of  N.  Y J.  H.  Drakeford 8 .00 

9  Illuminating  Engineering  Society .  .P.  S.  Millar 8.00 

10  American  Institute  Electrical  Engrs R.  W.  Pope 8.00 
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14        N.  Y.  Soc.  Accountants  and  Bkprs T.  L.  Woolhouse 8.00 

17        New  York  Railroad  Club H.  D.  Vought 8 .  15 

21  N.  Y.  Soc.  Accountants  and  Bkprs T.  L.  Woolhouse 8.00 

22  Municipal  Engineers  of  City  of  N.  Y C.  D.  Pollock 8.15 

27-29  Illuminating  Engineering  Society P.  S.  Millar All  day 

28        N.  Y.  Society  Accountants  and  Bkprs T.  L.  Woolhouse 8.00 

28-30  Amer.  Electro-Therapeutic  Asso A.  C.  Geyser All  day 

October 

1  Explorers'  Club H.  C.  Walsh 8.30 

2  Amer.  Soc.  Hungarian  Engrs.  &  Archts. .  .  .Z.  deNemeth 8.30 

5  N.  Y.  Soc.  Accountants  and  Bkprs T.  L.  Woolhouse 8 .00 

6  Wireless  Institute S.  L.  Williams 7 .30 

7  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

8  American  Institute  Electrical  Engrs R.  W.  Pope 8.00 

12        N.  Y.  Soc.  Accountants  and  Bkprs T.  L.  Woolhouse 8 .00 

12  The  American  Society  of  Mech.  Engrs C.  W.  Rice 8 .00 

13  Optometrical  Society  of  City  of  N.  Y J.  H.  Drakeford 8 .00 

14  Illuminating  Engineering  Society P.  S.  Millar 8.00 

15  New  York  Railroad  Club H.  D.  Vought 8.15 

19        New  York  Telephone  Society T.  H.  Lawrence 8 .00 

19        N.  Y.  Society  Accountants  and  Bkprs T.  L.  Woolhouse 8.00 

26  N,  Y.  Society  Accountants  and  Bkprs T.  L.  Woolhounse. . ..  8.00 

27  Municipal  Engineers  of  City  of  New  York.  .C.  D.  Pollock 8. 15 


OFFICERS  AND   COUNCIL 

PRESIDENT 
Jesse  M.  Smith  New  York 

VICE-PRESIDENTS 

L.  P.  Breckenridge Urbana,  111. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthur  West    E.  Pittsburg,  Pa. 

Terms  expire  at  Annuaj  Meeting  of  1909 

Geo.  M.  Bond   Hartford,  Conn. 

R.  C.  Carpenter  Ithaca,  N.  Y. 

F.  M.  Whyte  New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 
Members  of  the  Council  for  1909 

Ambrose    Swasey    Cleveland,  O. 

John  R.  Freeman Providence,  R.  I. 

Frederick   W.   Taylor    Philadelphia,   Pa. 

F.  R.  HuTTON New  York 

M.  L.   Holman    St.  Louis,  Mo. 

MANAGERS 

G.  M.  Basford   New  York 

A.  J.  Caldwell   Newburg,  N.  Y. 

A.  L.  RiKER   Bridgeport,  Conn. 

Terms  expire  at  Annual  Meeting  of  1909 

Wm.  L.  Abbott   Chicago,  111. 

Alex.  C.  Humphreys  New  York. 

Henry  G.  Stott  New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt r.~^  . .. . . Pawtucket,  R.  I. 

I.  E.  Moultrop   Boston,  Mass. 

W.  J.   Sando    Milwaukee,   Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley   New  York 

HONORARY  SECRETARY 
F.  R.  Hutton    New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur  M.   Waitt    New  York 

SECRETARY 
Calvin  W.  Rice  29  W.  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Jesse  M.  Smith,  Chairman 
Alex.  C.  Humphreys 


F.    R.    HUTTON 

Fred  J.  Miller 


F.  M.  Whyte 


STANDING  COMMITTEES 

FINANCE 


Arthur  M.  Waitt  (1),  Chairman 
Edward  F.  Schnuck  (2) 

Waldo  H.  Marshall  (5) 


Geo.  J.  Roberts  (3) 
Robert  M.  Dixon  (4) 


HOUSE 
Henrt  S.  Loud  (1)  Chairman 
William  Carter  Dickerman  (2) 

Edward  Van  Winkle  (5) 


Bernard  V.  Swenson  (3) 
Francis  Blossom  (4) 


LIBRARY 
John  W.  Lieb,  Jr.  (4),  Chairman 
H.  H.  Suplee  (1) 

Chas.  L.  Clarke  (5) 


Ambrose  Swasey  (2) 
Leonard  Waldo  (3) 


MEETINGS 
Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  DE  B.  Parsons  (5) 


L.  R.  Pomeroy  (3) 
Charles  E.  Lucre  (4) 


MEMBERSHIP 

Henry  D.  Hibbard  (1),  Chairman 
Charles  R.  Richards  (2) 

HosEA  Webster  (5) 


Francis  H.  Stillman  (3) 
George  J.  For  an  (4) 


PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I.  RocKwooD  (5) 


H.  F.  J.  Porter  (3) 
H.  W.  Spangler  (4) 


RESEARCH 
W.  F.  M.  Goss  (5),  Chairman^  >^    ■;  .  ^  "'^^ieVi  R-  C.  Carpenter  (2) 

Jas.  Christie  (1)  '  '       '         -1  \^_y^  R-  H.  Rice  (3) 

Ch.\s.  B.  Dudley  (4) 

Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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SPECIAL  COMMITTEES 
1909 

On  a  Standard  Tonnage  Basis  far  Refrigeration 

D.  S.  Jacobus  G.  T,  Voorhees 
A.  P.  Trautwein                                                                        Philip  De  C.  Ball 

E.  F.  Miller 

On  Society  History 
John  E.  Sweet  H.  H.  Supleb 

Chas.  Wallace  Hunt 

On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman  F.  R.  Hutton 

G.  M.  Basford  D.  S.  Jacobus 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman  L.  D.  Burlingame 

Charles  Whiting  Baker  M.  L.  Holman 

Calvin  W.  Rice 

On  International  Standard  for  Pipe  Threads 

E.  M.  Herr,  Chairman  Geo.  M.  Bond 
William  J.  Baldwin                                                           Stanley  G.  Flagg,  Jr. 

On  Thurston  Memorial 
Alex.  C.  Humphreys,  Chairman  Chas.  Wallace  Hunt 

R.  C.  Carpenter  J.  W.  Lies,  Jr. 

Fred  J.   Miller 

On  Hudson-Fulton  Celebration 
Geo.  W.  Melville  M.  L.  Holman 

Jesse   M.  Smith 

On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman  E.  R.  Fellows 

Hugo  Bilgram  C.  R.  Gabriel 

G.aetano  Lanza 

On  Power  Tests 

D.  S.  Jacob L's,  Chairman           L.   P.   Breckenridge  Edward   F.  Miller 

Edward  T.  Adams                      William  Kent  Arthur  West 

George  H.  Barrus                    Charles  E.  Lucre  Albert  C.  Wood 

Nominating  Committee 

Worcester  R.  Warner,  Chairman Cleveland,  O. 

Walter  M.   McFarland    Pittsburg,   Pa. 

Morgan  Brooks    Urbana,   111. 

David  Townsend Philadelphia,  Pa. 

Francis  W.  Dean    Boston,   Mass. 
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SOCIETY  REPRESENTATIVES 

1909 

On  John  Fritz  Medal 
Henry  R.  Towne  (1)  F.  R.  Hutton  (3) 

Ambrose  Swasey  (2)  Chas.  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 

Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Library  Conference  Committee 
J.  W.  LiEB,  Jr.,  Chairman  of  the  Library  Committee  of  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 

On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 

On  Government  Advisory  Board  on  Fuels  and  Structural  Materials 

Geo.  H.  Barrus  P.  W.  Gates 

W.  F.  M.  Goss 

On  Advisory  Board  National  Conservation  Commission 

Geo.  F.  Sw.un  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


NoTE.r-Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 

1909 

CHAIRMAN 
F.   R.   Low 

SECRETARY 
Geo.  a.   Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 
F.  H.  Stillman,  Chairman  G.  I.  Rockwood 

F.   R.   HUTTON  H.   H.   SUPLEE 

R.  H.  Fernald 

GAS  POWER  MEMBERSHIP  COMMITTEE 

Robert  T.  Lozier,  Chairman  D.  B.  Rushmorfj 

Albert  A.  Gary  A.  F,  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Cecil  P.  Poole,  Chairman  E.  S.  McClelland 

R.  T.  Kent  C.  T.  Wilkinson  G.  W.  Obert 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  L.  N.  Ludy 

H.  R.  CoBLEiGH  L.  S.  Marks 

G.  D.  CoNLEE  T.  M.  Phetteplace 
R.  S.  de  Mitkiewicz  G.  J.  Rathbun 
H.  T.  Eddy  W.  Rautenstrauch 
L.  V.  GoEBBELS  A.  J.  Wood                                     S.  A.  Reeve 

GAS  POWER  INSTALLATIONS  COMMITTEE 

J.  R.  BiBBiNS.  Chairman  A.  Bement 

L.  B.  Lent 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  MouLTROP,  Chairman      H.  J.  K.  Freyn  V.  E.  McMullen 

W.  H.  Blauvelt                       N.  T.  Harrington  C.  H.  Parker 

V.  Z.  Caracristi                       J.  B.  Klumpp  J.  P.  Sparrow 

E.  P.  Coleman                          G.  L.  Knight  A.  B.  Steen 

C.  J.  Davidson                          J.  L.  Lyon  F.  W.  Walker 

W.  T.  Donnelly                       D.  T.  MacLeod  C.  W.  Whiting 
Paul  Winsor                            T.  H.  Yawger 

GAS  POWER  STANDARDIZATION  COMMITTEE 
C.  E.  Lucre,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  Bibbins  H.  F.  Smith 

Louis  C.  Doelling 
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ADVERTISING      SUPPLEMENT 


SECTION    1 


Machine  Shop  Equipment 


Machine   Shop   Equipment       -----  Section    1 

Power   Plant   Equipment          .               -               .               .               -  Section    2 

Hoisting   and  Conveying  Machinery.      Power  Transmission      -  Section   3 

Engineering    Miscellany           -----  Section   4 

Directory   of   Mechanical   Equipment                 -               -               -  Section   5 


THE   WARNER  &    SWASEY    COMPANY 


NEW  YORK 


CLEVELAND 


CHICAGO 


No.  4  TURRET  SCREW  MACHINE 
The  ram  type  of  turret  is  preferable  for  many  kinds  of  work.     Turret 
screw  machines  in  eight  sizes  are  all  provided  with  this  style  of  turret. 
Complete  catalogue  sent  oh  request. 


THE  POND  RIGID 


TURRET  LATHE 


Driven  by  a  very  wide  single  pulley  or  direct  connected 
motor.  SO  to  1 50  per  cent  increase  in  production  of  such 
work  as  gear  blanks,  fly  wheels,  gas  engine  cylinders,  etc. 
Two  sizes,  2 1- inch  and  28-inch-  Turret  controlled 
entirely  by  power  or  by  hand.  Write  for  illustrated  cir- 
cular ''The  Pond  Ris.id  Turret  Lathe. ^' 


NILES=BEMENT=POND  CO., 


1  1  I   BROADWAY 

NEW  YORK 


EXTRACTS  FROM  THE  BOOK  OF  THE 

Copies  of  the  book 


JONES   &   LAMSON 

Springfield,  Vt.,  U.  S.  A.;  97  Queen  Victoria  St.,  London,  England 
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HARTNESS    FLAT  TURRET   LATHE 

sent  on  requent 


The  examples  of  chuck  work  shown  on  pages  50  to  85  of 
our  catalogue,  indicate  the  working  range  of  our  machine  with  its 
standard  equipment  of  tools.  With  the  exception  of  the  chasing 
attachment,  all  of  the  work  shown  may  be  accurately  and  quickly 
produced  with  our  chucking  outfit  and  only  an  occasional  extra  arbor 
or  part  that  will  be  readily  apparent  by  looking  over  the  cuts. 


MACHINE  COMPANY 

Germany.  Holland,  Belgium,  Switzerland  and  Austria-Hungary:  M.  Koyemann,  Chariot tenstrasse 
112,  Diis-^eldnrf.  r.prmany.  France  and  Spain:  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11,  Kue  des 
Envierges,  Paris.   Fiance.     Italy:  Adler     &   Ei.senschitz,    Milan. 


Improved  Adjustable  Jaw=Bases 


This  new  cot,  here  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired, 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS  AND  PRICES  UPON  INQUIRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S.  A. 


ON  THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  published 
on  this  subject  with  chapters  on: 

Action  of  Tool  and  its  Wear  in  Cutting   Metals 

How  Modern  High-Speed  Tools  Wear 

How  to  Make  and  Record  Experiments 

Lip  and  Clearance  Angle  of  Tools 

Forging  and  Grinding  Tools 

Pressure  of  the  Chip  upon  the  Tool 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water 

Chatter  of  Tools 

How  Long  Should  a   Tool  Run  Before  Regrinding 

Effect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

Tool  Steel  and  its  Treatment 

Theory  of  Hardening  Steel 

Quality  of  Metal  to  be  Cut 

Line  or  Curve  of  Cutting  Edge 

Slide  Rules 

Additional  Ex[)eriments  and  Investigations 

2d  Edition — without  discussion  (cloth)          -  $3.00 

3d        "            with              "                "              -  3.50 

3d        ''               "                "            (half-morocco)  4.50 

Pages  350.     Folders  24 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 


HERE  IS  THE 

STORY  OF 


Trade 


,Ci 


Mark 


REOISTBRED 


Beware  of 
Imitations 


NICHOLS  TAP  AND 

REAMER  WRENCH 

Never  Loosens  its   Grip, 

as  the  Handle  does  not 

Rotate.      Years  on 

the  Market,  and 

Superior   To 

All  Others 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,   R.   L,     U.  S.  A. 


''Star''    Lathes 

FIT  FOR  THE  FINEST  WORK 


You  (Ij  not  lealize  the 
amoi'ntof  small  work  you 
are  doing  on  large  and 
expensive  lathes  that 
could  be  done  to  better 
advantage  on  "STAR" 
Lathes.  Better  investi- 
gate! 9"  and  11"  swing 
with  draw- in  chuck, 
raper,  milling  and  gear- 
cutting  attachments  for 
experimental  and  labora- 
tory work,  light  manu- 
facturing and  tool  making 

Se/uJ    for    Catalog     B 


^ 

»pilL_C»»-_.-    . 

s 

'  ^'^/^'TW 

'J*^^       '"   " 

^m 

The  SENECA  FALLS  MFG.   CO. 


268  WATER  STREET, 


SENECA  FALLS,  N.  Y.,  U.  S.  A 

(.J-4) 


ERRINGTON  OPENING  DIE  ''"S^'^t^^'- 

Cuts  Parallel   Thread  to  Shoulder 

ens  Automatically, 


Can  be  used  on 
DRILL  PRESS, 
SPEED  LATHE, 
ENGINE  LATHE, 
TURRET  LATHE. 


Skeleton  Frame  Sheds  Chips 

Std.         Pipe 

No.  1  Threads  to §'    —      J' 

No.  2Threads  to 1"    —      |» 

No.  3  Threads  to IJ"   —     1   " 

No.  4  Threads  to ?  "    —     H" 


^  closes  by 
foot 
while 
rotating. 


Washburn  Speed    Lathes 

We  are  prepared  to  furnish  these  Speed  Lathes 
with  either  A.C.  or  D.C.  motors  and  any  regular 
voltage,  fitted  with  our  new  variable  speed  device. 

THE   WASHBURN   SHOPS 

of  the 

Worcester   Polytechnic    Institute 

WORCESTER,  MASS. 

Worcester  Drill  Grinders  Washburn  Speed  Lathes 

W  ashburn  Sensitive  Drills  Worcester  Drawing  Stands 


NEWARK 


GEAR  CUTTING  MACHINE  CO. 

66  UNION  ST.,  NEWARK,  N.  J.,  U.  S.  A. 

AUTOMATIC   GEAR    CUTTING    MACHINES 

GEARS  AND   GEAR  CUTTING 

HENRY  E.   EBERHARDT, 

President 

HENRY  J.    EBERHARDT.  FRANK  E.    EBERHARDT 

Secretary  Treasurer 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER,   N.  Y. 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works   at  Rock    Falls,    III. 


The  Standard  Tool  Cos 


DRILL 

Made  in  5  sizes 
Capacity    V  to    1" 


STANDARD 

IMPR  0\ff:D. 


i    '     CHUCKS 

Practical,  Strong, 
Durable,  Reasonable 


ASA'   FOR  CIRCULAR 

CLEVELAND,  O.,  U.S.A.,  and  94ReadeSt.,  New  York 


MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


SINGER  BUILDING 


NEW  YORK 


MORSE  TWIST  DRILL  and  MACHINE  CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 

Drill*,  Reameri,  Cutters,  Chucks,  Taps,  Dies,  Arbors,  Counterbores,  Countersinks,  Gauges, 

Mandrels,  Screw  Plates,  Sleeves,  Sockets,  Tajjer  Pins,  Wrenches,  Machines 

and  Machinists'  Tools 


This  drill  will  fit  any  brace  in  the  market.  Can  be  used  in  metal  or  wood.  Used  by 
cabinet  makers,  carriage  builders,  etc.  Is  not  injured  by  contact  with  screws  or  nails,  and 
will  bore  straight  any  kind  of   wood  without  splitting. 


WE    BUILD    A   COMPLETE   LINE   OF   NEW   AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


N 


ATIONAL  MACHINERY 

TIFFIN.  OH  lO.US.A 


A     FIVE     HORSE-POWER     MOTOR 
PLACED     INSIDE    THE    BEARING    OF    A    6000 
HORSE-POWER     MOTOR THE     LARGEST    MOTOR    EVER     MADE 


G.  E.  Controllers  Are  Made  for 
Motors  of  Every  Size  and  Type 


For  every  type  of  motor  and 
every  condition  o  f  service 
there  is  a  type  of  General 
Electric  Control  Apparatus 
which  is  especially  applicable. 

The  6000  horse-power 
motors,  the  largest  ever  made, 
were  manufactured  by  the 
General  Electric  Company 
for  steel  mill  service. 

The  five  horse-power  motor 
which  appears  so  small  in 
comparison  is  one  of  the 
many  sizes  made  by  the 
General   Electric    Compan\ . 

The  extensive  use  of  Cieneral 
Electric  Control  Apparatus 
has  resulted  from  satisfactory 
operation  under  all  condi- 
tions. 


Electric  motor  installations  are  not  complete  or 
satisfactory  without  reliable  and  efficient  starting 
devices.  The  failure  of  an  improperly  designed  or 
a  carelessly  constructed  starting  rheostat  is  a  fre- 
quent cause  of  serious  damage  to  the  motor  itself 
as  well  as  the  cause  of  annoying  and  expensive 
interruptions  to  the  service.  This  applies  with 
equal  force  to  controlling  apparatus  used  to  vary 
the  speed  of  motors. 

The  satisfactory  operation  of  control  apparatus  is 
closely  allied  with  a  thorough  engineering  knowl- 
edge of  motor  design.  The  General  Electric 
Company,  with  its  skilled  engineering  ability 
coupled  with  modern  manufacturing  facilities,  both 
extensive  and  well  established,  is  able  to  produce 
all  types  of  the  highest  grade  of  control  apparatus. 

The  General  Electric  Companv  has  a  motor  for 
i-\ery  service,  a  controller  for  everv  motor,  and 
fiigineers  to  combine  them  properly  for  any  work. 


TWO   GENERAL    ELECTRIC    CONTROLLERS 
HORSE-POWER    AND      A     6O00    HORSE-POWER 


General    Electric    Company 

^"1  Principal  Office:  SCHENECTADY,  N.  Y. ' 
New  York  Office,  30  Church  St.  Sales  Offices  in  all  large  cities 


ADVERTISING     SUPPLEMENT 


SECTION  2 


Power  Plant  Equipment 


Machine  Shop  Equipment      -----  Section    ! 

Power  Plant   Equipment  ...  -  -  Section  2 

Hoisting   and  Conveying   Machinery.     Power  Transmission   -  Section  3 

Engineering  Miscellany  -----  Section  4 

Directory   of   Mechanical   Equipment  .  .  .  Section   5 


CORLISS,  WIS.,  U.  S.  A. 

U.  S.  GOV'T,  NAVY  DEPT.— 1000  Mile  Comparative  Steaming  Test. 

U.  S.  S.  Birmingham  (Reciprocating  Engines)  30  tons  coal  per  hour. 
"        Chester  (Parsons  Turbines)         -         40        "  " 

"        Salem  (Curtis  Turbines)        -  -     49        "  " 

The  Turbines  took  33^%  and  63  J%  more  fuel  than  the  engines. 

The  Navy  Department  is  operating  five  Wisconsin  Engines. 


MASON    • 

REDUCING  V;\LVES 


reduce  and  maintain  an^/even  presstire  of 
steam,  air  or  water,  regardlesslof  changes 
in  the  initial  pressure.    Can  be  set  for 

any  pressure  by  turning  a  key  and  do  not 
have  to'be  locked — the  engineer  retains  the 
key.    They  are  absolutely  laccurate. 


THE  MASON  REGULATOR  CO 

BOSTON,  MASS.,  U.S.A. 


'  NO 


ADJUSTMENT 
REPLACING  OFIPARTS 
REPAIRS  OF  ANY  KIND 


ROTHCHILD  Positively   Needs 

ROTARY=QATE    <^ 
VALVE 

1  ? 

Automatically 
Seats 


Immune  to 

the  evils  of 

Expansion 

OPENS 

AND  CLOSES 

EASILY 


and  takes  up 

Its  own  wear 

WILL  NOT 

LEAK  OR 

STICK 


HAS  NO  EQUAL  for  BOILER  BLOW-OFF 

HYDRAULIC  and  ALL  HARD  SERVICE 

JOHN  SIMMONS  CO.,  no  centre  St.,  NEW  YORK,  N.  Y. 


Nash  Gas  Engines 

and  Producers 

are  simple,  economical  and  reliable,  and 
l\ave  demonstrated  their  superioi*''  in 
service. 

Simple,  because  they  are  cap- 
able of  running  at  their  rated 
load  for  ten  consecutive  hours  on 
one  charge  of  fuel. 

Ecofiomical,  because  the  fuel 
consumption  is  but  one  pound  of 
coal  per  B.H.P.  hour. 

Reliable,  because  they're  Nash. 
WE  MANUFACTURE  A  COMPLETE  LINE  OF  WATER  METERS  i"  TO  60' 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 


WARREN    VERTICAL   AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets 

All  valve  cages   removable 

The   most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO., 


Now  York 
50  Church  Street 


Boston 
lO    P.   O.  Square 
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FOOS    PRODUCER   GAS    ENGINES 


FOR 

ELECTRIC  LIGHT 

AND 

POWER  PLANTS 

OF  ALL  KINDS. 


Vertical  Multiple  Cylinder 

Engines 

20  H.  P.  to  250  H.  P. 

Many  successful  producer 

gas  power  plants  in 

operation. 

Write  for  our 
catalogue. "B". 


JAMES  BEGGS  &  CO.,    109  Liberty  St.,  NEW  YORK 

The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  SO  to  6000  Horses 

Cataloijs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 
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MURRAY    WATER    TUBE    BOILER 

BEST  IN   DESIGN,  WORKMANSHIP  AND  MATERIAL 


Incorporated  Feb.  I,  1870 


MURRAY  IRON  WORKS  CO. 

BURLINGTON,  IOWA 


NO    HEAT    WASTED 


The  ROBB-MUMFORD  BOILER  is  internally  fired  and  no  heal  is  wasted 
by  radiation  as  in  an  externally  fired  boiler. 

The  furnace  is  long  and  of  large  diameter,  with  greatest  height  at  the  back, 
giving  good  combustion. 

The  boiler  has  a  sheet  steel  case,  lined  with  asbestos,  and  there  is  no  expensive 
brick  setting  to  keep  in  repair. 

ROBB-MUMFORD    BOILER    CO., 

NEW  YORK  OFFICE,  go  West  St.  SALES  DEPARTMENT,  131  State  St.,  Boston,  Mass. 

WORKS,  South  Framingham,  Mass. 

Built  in  Canada  by  ROBB  ENGINEERING  CO..  Ltd.,  Amherst,  N.  S. 
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The    Erwood    Swing   Qate   Valve 

■^  — '-'"^  AS  A  SAFETY  RELIEF  ON  AIR 

LINES  OF  COMPRESSORS 

The  following  letter,  con  firms  our  claims 
for  the  safety  features  of  the  ERWOOD  Swing  Qate 
Valve  for  the  above  purpose. 

Office  of  Chicago  Pneumatic  Tool  Company. 

New  York.  October  1st,  1907. 
Messrs.   Walch  Cr  Wyeth, 

87  E.  Lake  Street,  Chicago,  111. 
Gentlemen: — Referring  to  sample  of  your 
Krwood  Swing  Gate  Valve  sent  to  our  Franklin 
Plant  for  inspection  and  test,  as  arranged,  we  are 
pleased  to  inform  you  that  our  test  of  this  valve 
has  demonstrated  that  it  will  admirably  answer 
the  purpose  intended,  i.  e.  automatically  reliev- 
ing the  pressure  in  air  discharge  lines  in  case 
the  valve  is  not  open  or  becomes  accidentally 
closed  while  the  compressor  is  in  operation. 

The  placing  of  your  valve  in  the  air  line 
between  compressor  and  receiver  enables  the  reten- 
tion of  the  compressed  air  stored  in  the  receiver 
and  piping  system  when  compressor  is  not  run- 
ning, with  assurance  that  no  mishap  will  occur 
should  compressor  be  started  without  opening  the 
check  valve  between  compressor  and  receiver. 
It  gives  us  great  pleasure  to  testify  to  the  merit  of  your  Valve  for  the  service 
described.  Very  respectfully, 

W.  P.  PRRSSINGER,  Genl.  Mgr.  Compressor  Dept. 


WALCH  &  WYETH,  87  Lake  St. 


Chicago 


^^ 

1 

iu    .. 

^ 

mmM 

l^i'-'      i-^^mz^.^ 

-''■---■  ;  «.* 
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Loads  Varying  prove  the  close  regulation  and 
sparkless  commutation  of  Ridgway  units  and 
demonstrate  their  economy.     Bulletins?    Ask. 


Ridgway    Dynamo   &  Engine  Co. 


Ridgway,  Penna. 
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"THE  CONTROLLING 
ALTITUDE    VALVE" 

maintains  a  uniform  stage  of 

water  in  standpipes,  reservoirs 

or  tanks. 

"WORKS  BniH  WAYS' 

No  overflow  in  case  of  fire  pres^ 
sure.  Valves  closed  by  water 
and  electricity. 

Valves  Up  to  20' 

Golden  °  Anderson  Valve 
Specialty  Company 

1032  Fulton  Bldg.,       Pittsburg,  Pa. 


AUTOMATIC    FLOAT 
"SIMPLY    HAVE   NO 


Angle  or 
Straight   Way 


Saves  Frictional  Wear 

That's  what  Dixon's  Flake  Graphite  does  wherever  it 
is  used.  And  remember  that  it  is  the  wear  that  depre- 
ciates all  machinery.  Dixon's  Flake  Graphite  will 
reduce  this  wear  to  a  minimum  in  every  instance,  relieve 
friction,  prevent  damage  and  repairs  that  result  from 
parts  running  hot.     Write  for  free  sample. 


JOSEPH  DIXON  CRUCIBLE  CO. 


Jersey  City,  N.  J. 


You  can  forget  every  joint  that's  made  with  a 
Goetze  Elastic  Copper  Gasket,  because  these 
gasicets  make  a  joint  permanently  tight  against 
any  steam  pressure  or  temperature.  They  are 
guaranteed  to  do  it,  and  the  proof  that  they  do  is 
ready.      Ask  for  Circular  No.  2. 

American  Goetze-Gasket  &  Packing 

Company 

530  E.  149th  St.,      New  Yorii  City 


WILLIAMS  &  WILKINS  COMPANY 

WAVERLY    PRESS  2427-29   YORK    ROAD 

CCIENTIFIC,  Technical  and   Literary  Books,    Journals, 

and   Magazines,   Booklets  and  Fine  Catalogues,  designed 

arranged,  engraved  and  executed.      0     ^      ^     ^     ^     ^ 

?opy  oT  '  ^  ^riei  Technical  Talk  ^'  '^°"^r'  "'^"' 

copy  oi  information 

BALTIMORE MARYLAND 
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Nelson 

Combination 

Globe 

Valve 


with 

Interchangeable 

Discs 


Medium  Bronze  Combination 
Globe  Valve 


Sectional  View  with 
Regiinding  Disc 


^  So  Simple  «© 


Holder  with 
Copper  Disc 


Holder,  with 
Rubber  Disc 


that  one  moment's  inspection  reveals  every  detail — beauty 
of  outline,  strength  of  shape,  heavy  walls,  inside  packing 
gland,  large  packing  chambers  that  can  be  packed  when 
open,  outside  bonnet  that  is  proof  against  blow-off,  per- 
fect stem  with  all  threads  engaged  when  closed,  and  the 
three  discs,  hard  rubber,  regrinding  and  copper,  which 
can  be  used  interchangeably.  A  combination  of  the  most 
scientific  and  practical  features  of  valve  building.  Fa- 
vored by  engineers  because  reliable,  tight  and  trouble 
saving;  valued  by  managers  and  owners  because  their 
efficiency  makes  economy  in  fuel  and  repairs. 

Shall  we  send  to  you  free,  our  220-page  catalog,  which  tells  more  about  them?  Nelson  Valves 
are  made  in  Gate,  Globe,  Angle,  and  Check  types,  in  all  sizes,  of  Iron,  Bronze  or  Steel,  for  all 
pressures,  for  any  service. 

NELSON   VALVE   COMPANY 


NEW  YORK 
30  Church  Street 


PITTSBURGH 

525  Third  Avenue 


MINNEAPOLIS, 
Andrus  Building 


Philadelphia 

DETROIT 
Penobscot  Building 

BUTTE,    MONT. 
56  East  Broadway 


CHICAGO 
425  S.  Dearborn  St. 


CLEVELAND 

Perry-Payne  Building 


SAN  FRANCISCO 
Atlas  Building 
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JUST  think  what  it  means 
to   have  2%  regulation 
guaranteed  on  your  Gas 
Engine!     That's  only  one  of 
many  advantages  of  Du  Bois 
Gas  and  Gasoline  Engines. 

Among  others:  the  air,  fuel 
supply,  speed  and  electric 
igniter  can  be  regulated  while  engine  is  actually  running. 

Learn  the  facts  by  ivriting  for  catalog  "P",  ivhich  also  describes  our  compre- 
hensi'-ve  line  of  Steam  and  Poivet  Pumps,  {go  sizes)  and  Producer  Gas  Plants 
tind  Engines. 

DU  BOIS  IRON  WORKS,     sie  Brady  St.,  du  bois,  pa. 

HEINE   v^fftVk"   BOILERS 

and 

SUPERHEATERS 

In   units  of  from  50  to   600   H.  P. 

Heine  Safety  Boiler  Co.,  St    Louis,    Mo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE      ^CLASS  f) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  seivice       Built  in  twelve 

types,  seventy-two  different  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  on  City,  Pennsylvania 

The  Hooven,  Owens 
Rentschler  Co. 

Manufacturers  of 

Hamilton  Corliss 

Engines 
Hamilton  High  Speed 

Corliss  Engines 
Hamilton  Holzwarth 

Steam  Turbines 

Special  Heavy 

'Castings 

HAMILTON,  OHIO 


OVER  ONE  MILLION 

Genuine  "Detroit"  Sight=feed  Lubricators  in 
service  all  over  the  World 

Some  one  of  our  451    different   styles  and  sizes  of  sight-feed 
lubricators  will  fill  any  requirement  you  may  have 

THE  GENUINE  "DETROIT" 

Is    simple   and   dependable.     (Look    out   for   substitutes). 

Detroit  Lubricator  Company 

DETROIT,   U.  S.  A. 
FOR  THE  HIGHER  THAN  ORDINARY  PRESSURES 

GATE   VALVES 

With  double  disc,  taper  seats,    central  ball  bearing  de- 
vice are  the  tightest  by  reason  of  their  fiexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  V.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville,  Ky.,  Boston. 

LINDSTROM'S  CORLISS   VALVE  STEAM   TRAP 


None 
Better 


Simplicity 

Durability 

For  i    Reliability 

Economy  and 
Emergency 

Write  for  Booklets 


JOHN  T.  LINDSTROM 

214  South  Third  Street 

ALLENTOWN,  PA. 


k^o^ 


Albany    Steam    Traps 

are  the  result  of  thirty-five  years  spe- 
cializing in  the  production 
of  Steam  Traps 

Owners  and  Engineers  of  Steam  Plants  are 

requested  to  write  us  for  data 

concerning  the 

SPECIAL  BUCKET  RETURN  TRAP 


ALBANY  STEAM  TRAP  CO., 

Established  1870.        JAMES  H.  BLESSING.  Pres. 


Albany,  N.  Y. 

THOS.  P.  RYAN.  Sec.  and  Treas. 
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American  Ball  Angle  Compound  Engine 


represents  the  latest  development  in  practical 
Steam  Engineering,  combining  the  following 
features:  Perfect  balance,  uniform  torque, 
high  economy,  small  floor  space,  smooth, 
quiet  running,  no  dead  centers,  extreme  sim- 
plicity, moderate  cost,  small  foundation  and 
perfect  satisfaction. 

Write  for  our  new  bulletin 

"Tite  Modern  Automatic  High-Speed^Engwe' ' 


American  Engine  Company 

42  Raritan  Ave.    Bound  Brook,  N.  J. 


HIGH    VACUUM 
APPARATUS 

CONDENSERS 

AIR   PUMPS 

Feed  Water  HEATERS 

Water   Cooling 

TOWERS 

Boiler   Feed   and   Pres- 

:sure  PUMPS 

C.  H.  Wheeler  Mfg.  Co. 

PHILADELPHIA 

New  York  _  Chicago 

San  Francisco 


PAPERS  ON  CONVEYORS 

List 
No.  Price 

171  Belts  as  Grain  Conveyors,  Hugo $0.10 

277  Conveyors  for  Coal,  Dodge 10 

1190  Hoisting  and  Conveying  Machinery,  Titcomb 20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  Tomlinson.  .  .      .10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

Members'  rates  are  half  the  list  price. 


The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,  New  York 
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ADVERTISING      SUPPLEMENT 


SECTION   3 

Hoisting  and  Conveying  Machinery 
Power  Transmission 


Machine   Shop  Equipment       -----  Section    1 

Power   Plant   Equipment  -----  Section  2 

Hoisting    and  Conveymg    Machinery      Power  Transmission      -  Section  3 

Engineering   Miscellany  .  -  -  .  -  Section  4 

Directory   of   Mechanical   Equipment  -  .  -  Section   5 


WILL  PAY  FOR  ITSELF 
IN  THREE  MONTHS  = 

Tl  An  E.  C.  &  M.  Magnet  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

TI  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

Our  magnets  are  dependable — they  will  lift 
more  and  wear  longer  than  any  competitive 
magnet.     Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


The  Large  Wearing  Surfaces 

of  the  Triplex  Block 

''  I  ""HE  use  of  a  large  internal  gear  in  the 
^     Triplex  admits  of  larger  intermediate 
gears  and  pinions  than  could  otherwise  be 
used. 

Main  pinions  in  Triplex  Blocks  have 
twelve  large,  powerful,  well  cut  teeth, 
which  engage  perfectly  with  the  cut  steel 
intermediate  gears. 
When  smaller  gears  are  used,  the  terrific  pressure  on 
sinall  points  of  contact  causes  rapid  wear  and  swift 
deterioration  of  the  Block. 

The  Triplex  Block  is  made  in  14  sizes,  with  a  lifting  capacity  of 
from  •}  to  20  tons.  Other  types  are  the  Duplex:  10  sizes,  ^  to  10 
tons.  The  Differential:  7  sizes,  ^  to  3  tons.  The  Electric 
Hoist:  10  sizes,  -J  to  16  tons.  Y.  Sc  T.  Blocks  are  carried  in 
stock  by  Hardware,  Machinery  and  Mill  Supply  Dealers. 
Catalog  nvith  interesting  technical  information  on  request. 
r-w-y  1  -V  7     1         o       "T^*  \  yT  f  /~>  General  Offices 

1  he   Yale  &    1  OWne  Mig.    Co.,   9  Murray  St.,  New  York 


Sectional  \  iew  of 
Triplex  Block  show- 
ing large  internal 
Gear, 
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ELECTRIC   TRAVELERS 
All  Types  for  Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  AliJJKinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to  run. 

Whiting  Foundry  EqiipmentCo. 

Manufacturers,  Engineers,  Designers] 
HARVEY,  ILL.  (Chicago,  suburb) 


THE    J.     M.     DODGE    COMPANY 

NICETOWN,      PHILADELPHIA^ 

CONTRACTING    ENGINEERS.! 

"The   Dodge  System"   of  Coal   Storage 

Cranes,  Bridge  Tramways,  Telphers  and  other  apparatus  for 
the  Transportation  of  material 

Concrete  and  Steel  Structures 


LINK  CHAIN  BELT  GO'S 

System  of  Elevating 
Conveying  and  Power 
Transmission  Machinery 
Silent  Chain  Valves 
and  Gravity  Roller   Conveyors 

Experts  on  reduction 

of  Factory  Costs 

Write  for  Catalogue  20-E 


50  CHURCH  ST. 


NEW  YORK 


Illustration  shows  our  cliain  on  several  <lrivps  transmittina;  power  from  a  cas  engine  to  a  car  truck. 


THE  KENERSON  POWER  METER 

Y\/E  have  arranged  for  the  manufactiu-e  and  sale  of  a  new,  accurate  and 
eminently  practical  transmission  dynamometer.  The  Kenerson  Power 
Meter.  If  This  meter  does  not  absorb  the  power  to  be  measured,  in  other 
words  is  not  a  friction  brake,  but  measures  without  loss  the  power  transmitted 
through  shafts  or  belts.  IfThe  instrimient  is  very  compact,  and  can  be  applied 
in  the  same  space  as  the  ordinary  flange  shaft  coupling  or  friction  clutch  and 
with  no  more  difficulty. 

BUILDERS  IRON  FOUNDRY        Providence,  R    I. 
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//  you  need  ELECTRIC  AND  HAND  TRAVELING  CRANES 

Learn  about 

NORTHERN 
ICRANESl 

Made  to  suit  the  most  exacting 
engineering  requirements  and  the 

most  severe  duty 
All    types,    capacities   and   sizes 

NORTHERN  ENGINEERING  WORKS, ^1^1^°'^ 


NEW  YORK  OFFICE,   J20  LIBERTY  STREET 


CHICAGO,  539  MONADNOCK 


-,.3.  7^ 


mm 


CRANES  ^m 
HOISTS 

ELECTRIC  AND   HAND    POWER 

AM  Types  and  Capacities 

Prompt   Attention — Quick   Delivery 


ALFRED  BOX  &  CO. 

PHILADELPHIA,    PA. 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 

THE  ALLIANCE  MACHINE  CO.  Alliance,  Ohio 

Pittsburg  Office,  Frick  Building.  Birmingham  Office,  Woodward  Building 


Clebelantr  Craned 


are  constantly  being  bettered  and 
improved.  A  personal  investiga- 
tion of  their  merits  and  records  is 
solicited. 

The  Cleveland  Crane  Qr  Caw  Co> 

-»  Wickliffc.Ohio.  >—      EMCiMcenMCa 

Our  catalogue  is  an  invaluable 
reference  book.    Do  you  want  it? 
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BETTER  PRODUCT  and  INCREASED  OUTPUT 

are  two  very  noticeable  results   on   machine    tools    where   short    medium    speed    belts   are 
replaced  by 

DIAMOND  MACHINERY  CHAINS 

A  chain-driven  machine  or  part  cannot  slow  down  with  reference  to  its  driving  shaft,*  so 
there  can  be  no  uncertainty  and  lost  power  from  slip.  The  change  from  belting  to  chain- 
drive  on  automatic  screw  machine  parts,  for  instance,  will  often  increase  the  output  by 
from  10  to  20%.  This  feature  alone  would  make  a  chain  drive  profitable,  but  when  you 
consider  the  better  work  done  and  the  longer  life  of  chain-driven  cutting  tools,  due  to  the 
smooth,  steady  motion,  when  you  consider  that  a  chain  drive  requires  practically  no  atten- 
tion and  permits  one  workman  to  handle  more  machines,  you  can't  afford  to  neglect  this 
subject. 

Ask  for  Book,  "Chain  Transmission  of  Power." 


DIAMOND   CHAIN    (Si  MFG.   CO. 

259  'West  Georgia  St.,  Indianapolis,  Ind. 

Capacity  8.000,000  ft.  per  year. 


THE 

STANDARD 

WIRE 

ROPE 


Jeffrey 
Conveyers 

and 

Elevators 

are  the  most  satisfactory  and  eco- 
nomical means  of  handling  Bulk 
or  Package  Materials  of  any  kind. 

Send  for  Catalog  K-67. 


We   Build 

Coal  and  Ashes  Handling  Systems 
for  Power  Plants, 

Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples.  Coal  Washeries, 
Locomotives,  Coal  Cutters,  Drills,  etc.    Complete  Coal  Mine  Equipments 

The  Jeffrey  Mfg.  Company 

COLUMBUS,  OHIO 

New  York  Chicago  Boston  Buffalo  St.  Louis  Pittsburg 

Denver  Knoxville  Charleston.  W.  Va.  Montreal,  Can. 


CONVEYING 


AND 


POWER-TRANSMISSION 
MACHINERY 

Link-Belt 
Company 


PHILADELPHIA 


CHICAGO 


INDIANAPOLIS 


-Vew  Ycik:  PiTrsBURGH:  Sr.  Loais: 

^99  Broadway.     1501-02  Park  Bldg.  Missouri  Trust  Bldg.^ 
Seattle:  Denver: 

^439-440  N.  Y.  Block.  Lindrooth,  Shubart  &  Co.^ 
New  Orleans: 
Wilmot  Machinery  Co. 


"Cyclone"High  Speed  Chain  Hoist 


WITH  SELF=LUBRICATINQ 

BEARINGS— ALL  CUT 

GEARS 

Patent  Gyrating  Dnvc  through  Roller  Bear- 
ing Eccentrics  gives  Maximum  Efficiency 
and  Durability.  Design  entirely  different 
from  all  others.  Few  wearing  parts.  Does 
not  get  out  of  order. 

The  Bearings  of  the  Hoist  have 
GRAPHITE  BRONZE  BUSHINGS. 
They  are  self  =  Iubricating,  they 
require  no  oil,  and  will  run  indefi- 
nitely without  cutting. 

These  hoists  will  raise  a  load  of  two  tons 
to  a  height  of  one  foot  with  a  pull  of  125 
pounds  while  overhauling  only  39^  feet  of 
hand  chain. 

There  is  the  least  possible  friction  loss, 
the  efficiency  averaging  nearly  80  per 
cent.  It  can  therefore  be  geared  to  a  higher 
speed  than  any  other  hoist  with  no  greater 
hand  wheel  pull. 

When  there  is  no  load  the  hand  wheel  may 
be  spun  in  either  direction. 

When  the  hand  chain  is  released  the  Auto- 
matic Brake  immediately  locks  the  block 
so  that  the  load  is  safely  held  at  any  point. 
It  may  be  readily  lowered,  however,  by  a 
reverse  pull  on  the  hand  chain. 

Send  for  Catalog 

Illustrating  Full  Line  of 

Hoists  and  Trolleys 


THE  CHISHOLM  &  MOORE  MFC.  CO. 

CLEVELAND,  OHIO 


24 


Some  Large  Wheels  and  Heavy  Bearings  at  the  Dodge  Works 

THE  DODGE  LINE  embraces  everything  for  the 
mechanical  transmission  of  power,  from  the  heavi- 
est rolling  mill  equipment  to  the  smallest  countershaft. 
Every  installation,  large  or  small,  is  given  the  benefit  of 
our  25  years'  experience  in  this  field. 

General  Catalog  J-7  sent  on  request.  Also  other 
Dodge  Publications— J-1 16  'Triction  Clutches;"  J-123 
"Safe  Construction  of  Fly  Wheels;"  J-76  ''Twenty-five 
Years  of  Rope  Driving.  ' 

Dodge  Manufacturing  Co.,  Station  1=45,  Mishawaka,  Ind, 

Boston,         Brooklyn,         New  York.         Philadelphia,         Pittsburg, 
Chicago,        Cincinnati,!.        St.  Louis. 
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Superheated  Steam 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 
from  1890  to  1908 

The  Society  has  a  limited  number  of  copies  of  papers  on  Super- 
heated Steam  which  have  been  presented  before  it.  Orders  will  be 
filled  until  the  supply  is  exhausted. 

»r  Price  to       Non- 

^'^^  Members  Members 

359     Tables  of  the  Properties  of  Steam, \'.  Dwelshauvers- 

Dery $.15  $.30 

689     Superheated  Steam,  Facts,   Data  and  Principles, 

R.  H.  Thurston 25     50 

853     Pumping   Engine   Test  with  Superheated   Steam, 

E.  H.  Foster 5     10 

905  The  Practical  Application  of  Superheated  Steam, 

Geo.  A.  Hutchinson -. 15     30 

906  Superheated  Steam,  Ernest  H.  Foster 5     10 

1024     Tests  of  a  Compound  Engine  using  Superheated 

Steam,  D.  S.  Jacobus 10  20 

1030     Use  of  Superheated  Steam  and  of  Reheaters  in 

Compound  Engines  of  Large  Size,  L.  S.  Marks .  .  25  50 

1150  The  Flow  of  Superheated  Steam  in  Pipes,E.H.Foster  5  10 

1151  Superheat  and  Furnace  Relations,  R.  P.  Bolton. .  5  10 

1152  Entropy  Lines  of  Superheated  Steam,  A.M.  Greene  5  10 

1153  The  Cole  Locomotive  Superheater,  W.  F.  M.  Goss.  5  10 

1154  Experiences  with  Superheated  Steam,  G.  H.  Barrus  5  10 

1155  The  Use  of  Superheated  Steam   in  an   Injector, 

S.  L.  Kneass 5     10 

1 156  Superheated  Steam  on  Locomotives,  H.  H.  Vaughan     10     20 
1158     Materials  for  the  Control  of  Superheated  Steam, 

M.  W.  Kellogg 5     10 

1178  TheSpecificHeatcfSuperheatedSteam, C.C.Thomas     30     60 

1179  Designs  of  Engines  for  the  Use  of  Highly  Super- 

heated Steam,  M.  E.  R.  Toltz 10     20 

(will  be  ready  shortly) 
1196     Thermal  Properties  of  Superheated  Steam,  R.  C.  H. 

Heck 15     30 

1211  A  Method  of  Obtaining  Ratios  of  the  Specific  Heat 

of  Vapors,  A.  R.  Dodge 10     20 

1212  The  Total  Heat  of  Saturated  Steam,  H.  N.  Davis     15     30 
Set  complete $2.25  $4.50 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York. 
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SECTION  4 


Engineering   Miscellany 


Machine  Shop  Equipment       -----  Section    I 

Power  Plant   Equipment          -----  Section  2 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  3 

Engineering   Miscellany            -----  Section  4 

Directory  of  Mechanical   Equipment                -              -              .  Section  5 


Facing  pistons  with  Allan  Metal  prevents  scoring  of 
cylinder,  reduces  friction,  wear  and  maintenance  cost. 
A.  ALLAN  &  SON,   490  Greenwich  St.,  N.  Y. 


Write  for  our 
Booklet 

The  Heart  of  the 

Engine 

The  Seal  of 

Power 


DRY  AIR  vs.   MOIST  AIR 

Ventilation 

It  is  not  a  question  of  whether  or  not  the  textile  mill  is  to  be  ventilated,  but 
HOW  it  will  be  ventilated. 

Practically  all  mills  during  hot  weather  open  the  windows  to  procure  natural 

ventilation  to  assist  in   cooling  their  mills.      This   air  is   dry  and   at   the 

outside  temperature. 

WITH  THE    CARRIER   SYSTEM    all  the  air  for  ventilation   enters   the 

building  through  the  humidifier.     This  air  is  moistened  to  saturation  and  on 

very  hot  days  leaves  the  humidifier  from  14°  to  iS"^  BELOW  the  outside 

temperature. 

Which  does  the  most  cooling? 
Which  does  the  most  humidifying? 

DRY  AIR  VENTILATION  through  the  windows  brings  in  dirt  and  dust, 
creates  draughts  that  break  the  yarns  and  the  quantity,  being  dependent 
upon  the  atmospheric  conditions,  is  not  easily  controlled. 
MOIST  AIR  VENTILATION  by  the  Carrier  System  thoroughly  cleanses 
the  air,  produces  no  draughts  and  the  quantity  is  controlled  at  the  will  of 
the  operator. 

CARRIER  AIR  CONDITIONINGCO. 

OF  AMERICA 
39  Cortlandt  St,,  New  York 

(143-C> 
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Shop  Management 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 
from  1890  to  1908 

The  Society  has  a  limited  number  of  copies  of  papers  on  Sliop 
Management  which  have  been  presented  before  it.  Orders  will  V)e 
filled  until  the  supply  is  exhausted. 

List 
No.  Price 

767  Accurate  Cost-Keeping  System,  H.  M.  Nones H0.20 

928  Bonus  System  of  Rewarding  Labor,  H.  L.  Gantt 20 

239  Capital's  Need  for  High-Priced  Labor,   W.  E.  Partridge     .20 

909  Drafting  Room  and  Shop  Systems,  F.  O.  Ball 30 

998  Drawing  Office  Equipment,  John  McGeorge 20 

143  Drawing  Office  System,  H.  R.  Towne 10 

965  Gift  Proposition  for  Paying  Workmen,  F.  Richards.  .  .20 

1002  Graphical  Daily  Balance  in  Manufacture,  H.  L.  Gantt  .  .10 
1012  Is  Anything  the  Matter  with  Piece  Work?  F.  Richards  .20 
1001     Machine  Shop  Problem,  C  Day 20 

711  Method  of  Determining  Selling  Price,  H.  M.  Lane 10 

739  Metliod  of  Shop  Accounting,  H.  M.  Lane 10 

1011  Modifying  System  of  Management,  H.  L.  Gantt 10 

647  Piece  Rate  System,  F.  W.  Taylor 30 

449  Premium  Plan  of  Paying  for  Labor,  F.  A.  Halsey 20 

256  Problem  in  Profit  Sharing,  Wm.  Kent 30 

1040  Rational  Basis  for  Wages,  H.  Emerson 10 

596  Relation  of  Drawing  Office  to  Shop  in  Manufacturing, 

A.  W.  Robinson 20 

910  Rules  for  Drawing  Office,  A.  W.  Pobinson 10 

1003  Shop  Management,  F.  W.  Taylor 90 

209     Shop  Order  System  of  Accounts,  H.  Metcalfe 20 

287     Short  W^ay  to  Keep  Time  and  Cost,  H.  L.  Binsse 10 

1010     Slide  Rules  for  the  Machine  Shop,  C.  G.  Barth 10 

1115     History  of  a  System  of  Shop  Management,.  J.  M.  Dodge.     .10 

.Members'  rates  are  half  the  list  price. 

Address  C.\lvin  W.Rice,  Secretary, 29  West  39th  St.,  New  York. 
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The  Jeanesville  Iron   Works  Co 
hazelton,  pa. 

Builders  of 

High-Grade    Pumping    IVIachinery 
Direct-Acting,  Fly-Wheel  and  Centrifugal 

for 

Elevator,    Mine    and    Waterworks    Service 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,Agents,61-69  N.Jefferson 
Street,  Chicago,  111. 

New  York  Office,  139-41  Cortlandt  Street 


UNIVERSAL 
CAST  IRON 


HPE 


Is  Cast  Iron  Pipe  with 
Male  and  Female  Ends 
and  Contact    Surfaces 


machined  on  a  taper  giving  the  equal  of  a  ground  joint.  By  making  the 
tapers  of  slightly  different  pitch,  the  joint  is  pivotal  at  any  point  in  its 
periphery,  and  the  rigidity  of  "turned  and  bored"  joints  does  not 
obtain — hence  the  name  UNIVERSAL. 

The  sections  are  held  together  by  bolts,  two  bolts  to  a  joint  sufficing  except 
for  extreme  pressures.  The  pipe  can  therefore  be  laid  with  minimum 
labor — and  no  caulking  with  molten  lead,  jute,  etc. 

Universal  Pipe  provides  for  expansion  and  contraction,  vibration,  and 
deflection  due  to  imequal  settlement.  It  affords  a  path  of  such  low  resistance 
for  stray  electrical  currents  that  deterioration  by  electrolysis  is  practically 
eliminated. 

The  result  is  a  pipe  that  does  not  leak  and  continues  not  to  leak.  The 
economy  effected  in  laying  offsets  the  cost  of  machining.  The  saving  through 
eliminated  leakage  and  in  maintenance  is  material.     Write  for  full  particulars. 


Central  Foundry  Company, 


37  WALL  ST. 

NEW  YORK 


J 
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ENUINEEKINtt  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
sity OF  THE  State  of  New  York.  Courses  lead- 
ing to  degrees  of  Bachelor  of  Science  in  Chemical, 
Ciyij,  Electrical  and  Mechanical  Engineering,  com- 
prising four  years  of  thorough  training  and  resident 
college  work  in  theory  and  practice  of  engineering. 
Copies  of  Clarkson  Bulletin,  published  quarterly, 
mailed  on  application.  Wm.  S.  Aldrich,  Director 
POTSDAM,  N.  Y. 

POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  IN  Mechanical  Engineering.  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkinson, 
Ph.D.,  President;  W.  D.  Ennis,  Member  A.S.M.E., 
Professor  Mechanical  Engineering. 


TUFTS  COLLEGE 

Department  OF  Engineering.  Civil,  Mechan- 
ical, Electrical  and  Chemical  Engineering.  New 
laboratories  and  excellent  equipment.  Beautiful 
site  within  four  miles  of  Boston.  Preparatoiy  de- 
partment for  students  who  have  had  engineering 
practice,  but  insufficient  preparation  for  college 
work;  For  information  concerning  courses  and 
positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.  O.,  MASS. 


THE  RENSSELAER  POLYTECHNIC 
INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical  En- 
gineering and  General  Science  leading  to  the  de- 
grees, C.E.,  M.E.,  E.E.  and  B.S. 

'•Unsurpassed    laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  Troy,  N.  Y. 
THE   UNIVERSITY   OF   MICHIGAN 

Ann  Arbor,  Mich. 

Department  OF  Engineering.  Courses  offered 
in  Civil,  Mechanical,  Electrical,  Chemical,  Marine 
Engineering  and  Naval  Architecture,  Architecture 
and  Architectural  Engineering,  and  Geological  En- 
gineering. Four,  five  and  six  year  courses.  Uni- 
versity attendance  5000;  Engineering  attendance 
1350. 

For  special  Bulletins  address 

James  P.  Bird,  Secretary. 

NEW  YORK  UNIVERSITY   SCHOOL 
OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical>ndlCherai- 
cal  Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean. 

UNIVERSITY  HEIGHTS,  N.  Y.,  CITY, 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 


F.  W.  DEAN 


Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect, 


ISl  LaSalle  Street,  CHICAGO       Exchange  Building,  53  StateSt., BOSTON,  MASS. 


EARLE  C.  BACON 

Member  A.  S.  M.  E. 
Hoisting,  Crusliing  and  Mining  Machinery 


Havemeyer  Building,  NEW  YORK 


BERT.  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,    Specifications    and    Superintendance  of 
Manufacturing  Buildings,  Plants  and  Equipments 
of  same. 

Perin  Building,  CINCINNATI,  OHIO. 

WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Rails,  Bridge  Materials,  Building 
Materialsof  Iron  and  Steel,  Cars,  Locomotives, etc. 

Specialty:  Inspection  of  all  Water- Works  Mate- 
rials, 322  High  Street,  BURLINGTON,  N.  J. 
Maison  Blanche  Bldg.,  NEW  ORLEANS,  LA. 

R.  C.  Huston,  C.E.,     Southern  Representative 


J.  A.  HERRI CK,  Consulting  Engineer 
Member  A.  S.  M.  E. 

The  Herrick  Patented  Gas  Producers,  Gas  and 
Air  Valves,  Gas  Furnaces,  Regenerative  and 
Direct  Fired — all  purposes. 

Room  1603,  No.  2  Rector.St.,  N.  Y.  City 


D.  HURLEY  &  COMPANY 

Factory  and  Mill  Engineering 
17  Custom  House  Street,     PROVIDENCE,  R.  I. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
Room  911,  45  Milk  Street,  BOSTON,  MASS. 

J.  G.  O'NEIL 

Member  A.  S.  M.  E. 
Contracting  Engineer;    Boilers,  Engine;  Pumps 
and  Steam  Specialties. 

304  The  Rookery,  CHICAGO,  ILL. 
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SECTION  5. 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry  Equipment;   Pumping   Machinery;   Power 
Transmission  Machinery;    Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


Machine  Shop  Equipment        .  .  -  -  .  Section    1 

Power  Plant  Equipment  ...  -  -  Section  2 

Hoisting  and  Conveying  Machinery.     Power  Transmission       -  Section  3 

Engineering   Miscellany  .  -  .  .  -  Section  4 

Directory  of  Mechanical   Equipment  ...  Section   5 


MACHINE  SHOP  EQUIPMENT 


AMERICAN  TOOL  &  MACHINE  COMPANY 

BOSTON',  MASS. 

Miinufai'turers  of  Lathes,  Valve  Milliiif;:  Macliines,  Oil  Separators,  Hclt-Kiiifc 
Leather  Splittiiifr  Machines,  Improvod-Worrall  P'riction  Clutch  System.  Sole  makers 
of  40"  Belt  Driven  and  40'  and  36"  Water  Driven  Weston  Centrifugals. 


H.   G.   BARR 

21  Hcrmon  St.  WORCESTER.   MASS. 

1  Sinjilc  and    Multiple  Drilling-  Machiiu's  with  or  without  power   feed, 

"Geiienil  Electrie""  Motor  drive  if  desired.  No.  1  or  No.  2,  "Morse  Taper." 
Over  7,5  styles,  adapted  to  every  need.  These  machines  will  do  more  than 
the  twist  drills  ean  stand  up  to. 


LATHES 

VALVE 

MILLING 

MACHINES 

OIL 

SEPARATORS 


DRILLING 
MACHINES 


BETTS  MACHINE  CO. 

WILMINGTON,  DEL. 

We  build  a  complete  line  of  Vertical  Boring  Mills,  Planing  Machines, 
Slotting  Machines,  Horizontal  Boring  Machines,  etc.,  etc. 


HEAVY 

MACHINE 

TOOLS 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carhorunduin,  the  hardest,  sharpest,  quickest 
cutting:  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  (irindins  Wheels  for  every  possible  grinding'  need.  Sharpening  Stones, 
Oil  Stones.  Rubbing  Bricks.  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUM 
PRODUCTS 


S.   \V.   CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.     Established  1874. 


TAPS 


THE   J.    M.    CARPENTER  TAP  k  DIE  CO. 

PAWTUCKET,  R.   I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  8H  years  on  the  market 
and  38  years  in  the  lead. 


TAPS  AND 
DIES 


CINCINNATI   GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 
Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 

We  manufacture  the  most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 
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GEAR 

CUTTING 

MACHINES 


SHAPING 
MACHINES 


MACHINE  SHOP  EQUIPMENT 


TAPS 
DIES 


F.  A.  EKRINGTON 

41   CORTLANDT  St.  NEW  YORK 

Aiito-Reverse  Tappinff  Chucks;  Drilling,  Tapping  and  Stud-Setting 
Attachments.  Positive,  Friction,  Interchangeable  Tap-Holders.  Auto- 
Opening  Dies;  Auto-Close  Taps. 


AUTOMATIC 

TURNING 

LATHE 


FAY  MACHINE  TOOL  CO. 

2Nn  AND  Glexwood  Ave.  PHILADELPHIA,   PA. 

Fay  Automatic  Turning  Lathes  arc  the  best  for  turning  chi])lii-atc  parts. 
Accuracy  and  rapid  production  guaranteed.  One  lu.ui  runs  i  to  (i  ma- 
chines.    Ask  for  bulletin. 


GEAR 
SHARERS 


THE  FEEEOWS  GEAll  SHAPEll  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  peneratinfr  tool  and  is  j^round  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  i5  to  50%.     Literature  gives  reasons  in  detail. 


"NOISELESS' 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  cS.^  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  jier  second. 


MILLING 
MACHINES 


THE  INGERSOEE  MIEEIXG  MACHINE  CO. 

ROCKFORD,   ILL. 

Milling  M:K'hines  have  been  our  exclusive  spe(ialt>'  tor  over  -^.i  years.  All  sizes 
from  .'(I  in.  wide  u|j  to  any  width  with  every  t'onibinition  of  siiindles.  Heavy  or  Lisrht 
Work.  Our  new  Combined  Horizontal  and  Vertical  Spindle  Knee  Type  Machine  just 
out. 


TURRET 
LATHE 


INTERNA  IMONAE  MACHINE  TOOL  CO. 

INDIANAPOLIS,   IND. 

The  "Libby'"  Full  Swing  Cirriage  Turret  Lathe  has  full  swing-over  carriage: 
rapid  power  traverse  for  l)oth  carriages;  geared  headstock,  <iuick  change  feed  gears 
and  speeds;  indicator  for  position  of  cutters;  automatic  feed  trip  oft's;  very  coarse 
feeds;  very  fine  feeds;  ease  of  changinsr  from   belt  to  motor  drive. 


TURRET 
LATHES 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,   VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


LATHES 

MILLING 

MACHfNES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 
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MANNING,   MAXWELL  cV  MOORK,    Inc. 

SIXGKU   BUILDING,   XKW  YORK 
Are  the  Iarf;est  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   earry  in  stock  the  product   of  the  foremost  desijiners  of  the 
many  branches  of  machine  tool  building-  in  the  United  States. 


MACHINE 
TOOLS 


MORSE   TWIST   DRILL   &   MACHINE   CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 
Makers   of  Drills,    Reamers,    Cutters,    Chucks,    Taps,    Dies,    Arbors, 
Counterborcs,  Countersinks,  Gaup:es,    Machines,    Mandrels,    Mills,    Screw 
Plates,  Sleeves,  Sockets,  Taper  Pins  and  Wrenches. 


DRILLS 

REAMERS 

CHUCKS 

TAPS  &,  DIES 

ETC. 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 


DRILLS 
GRINDERS 


Sensitive  Drills,  1  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen-  [     CENTERING 
taring  and  Tappinjf  Machines.     All  kinds  of  Universal  Printing,  Embossing,  i  AND  TAPPING 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


MACHINES 


THE   NATIONAL   MACHINERY 

TIFFIN,  OHIO 


CO. 


BOLT  AND 

We  build  a  complete  line  of  Bolt  and   Nut   Machinery,   including   Bolt  Cutters  j  NUT 

(threaders).  Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed  ^MACHINE'RY 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw  '»' "^  "  "■•  t-n  i 
Gimlet  Pointers. 


NEWARK  GEAR  CUTTING  MACHINE  CO. 

66  UNION  STREET,  NEWARK,  N.  J. 
Our    Automatic   Gear    Cutting    Machines   are  recommended  by  their 
users  for  ac!curacy  and  rapid  construction.     Write  for  circulars  describing 
improved  features  and  patented  construction. 


GEAR 
CUTTING 
MACHINE 


NIAGARA  MACHINE  AND  TOOL  WORKS 

BUFFALO,   N.   Y. 

Mfr's  of  Presses  of  various  types  and  capacities.  Squaring  and  Rotary 
Shears,  Punches,  Forming  Rolls,  Tinsmiths'  tools  and  machines,  etc. 


SHEET 

METAL 

WORKING 

MACHINERY 


NTLES-BEMENT-POND 

CO 

111 

BkOADW AV 

NEW 

YORK 

Metal  Working  Machine  Tools, 

all  kinds  and  sizes 

Niles  Cranes, 

-2  to 

200  tons  capacity. 

MACHINE 
TOOLS 
CRANES 


A.  D.   QUINT 

HARTFORD,  CONN. 

Our  V^ertical  Turret  Drillinfr  and  Tapping  Machines  are  made  witli  from  four  to 
twelve  spindles,  with  back  gears,  power  feed,  quick  return,  automatic  stop.  Will 
finish  a  hole  at  one  setting  witliout  loss  of  time  to  change  tools  or  the  work. 
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VERTICAL 

TURRET 

DRILLING 

AND   TAPPING 

MACHINES 


MACHINE  SHOP  EQUIPMENT 


BOLTS 

AND 
NUTS 


RUSSELL,   BURDSALL  &  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  fjrade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


LATHES 


THE   SENECA   FALLS    MFG.    CO. 

268  Water  St.  SENECA  FALLS,  N.  Y. 

"Star"  Lathes  *)"  and  11"  swing  with  draw-in  chuck,  taper,  milling 
and  gear-cutting  attachments  for  experimental  and  laboratory  work,  light 
manufacturing  and  tool  making. 


CHUCKS 


THE  SKINNER  CHUCK  CO. 

New  Yohk  City,  94  Readc  St.  New  Britain,  Conn.,  96  N.  Stanley  St.  '• 

Manufacturers  of  Lathe,  Drill  and  Planer  Chucks,  Face  Plate  Jaws, 
Drill  Press  Vises  and  Reamer  Stands.  Wc  are  glad  to  quote  on  special 
Chucks.     Write  us  for  our  1909  Price  List,  illustrating  our  complete  line. 


MACHINE 
TOOLS 
LATHES 

SHAPERS 


THE  SPRINGFIELD  MACHINE  TOOL  CO. 

SPRINGFIELD,  OHIO. 

Maniifncturi'is  of  Staiuiartl  Engine  Lathes,  Uli  Swing".  Ideal  Engine  Lathes;  Fric- 
tion Ceareil  Head  Lathes:  'I'uiiet  Lathes  on  Carriage  and  Bed,  all  Combinations:  Brass 
Finishing  Lathes:  Fox  Monitor  Lathes;  Shafting  Lathes,  any  Length  of  Bed;  Axle  and 
Spindle  Boring  Ahiehines;  Chucking  Lathes;  Crank  Shapers,  1'^,  15  and  20"  stroke;  Back 
Geared  Pillar  Shapers,  Ki  and  ■H"  stroke:  Bench  Straightening  Presses  with  Centers; 
High  Speeil  Lathes. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


PRECISION 
BENCH 
LATHES 


AVALTHAM  MACHINE 

WALTHAM,  MASS. 


AVORKS 


Our  Bench  Lathes  swing  8",  will  take  J"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool 
room.  CaUilog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


TURRET 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

New  York  CLEVELAND  Chicaoo 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


DRILL 

CYLINDERS 

SPEED 

LATHES 

SENSITIVE 

DRILLS 

DRAWING 

STANDS 


THE  A\  ASHIU  RN  SHOPS 

OF    THE    WORCESTER    POLYTECHNIC    INSTITUTE 

WORCESTER,  MASS. 
Worcester    Drill  Grinders  and    Drawing  Stands;  Washburn  Sensitive 
Drills  and  Speed  Lathes. 
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MACHINE  SHOP  EQUIPMENT 

WIIKELOC  K, 

T.OVEJOY 

c*^ 

CO. 

23  Clift  Sthkkt 

NEW 

YORK 

Firth-Sterling  Tool  Steel.     Bl 

ue  Chip  Stei-1  for  t. 

11)8, 

(lie  cutters 

,  drills. 

reamers,  punches,  etc. 

TOOL 
STEEL 


THE  D.  E.  WHITON  MACHINE  CO. 

NEW  LONDON,   CONN. 
Whiton  Geared  Scroll  Combination  Chucks  have  the  special  qualities  of 
the  Whiton  Geared  Scroll  and  Independent  Jaw  Chucks.     Whiton  Revolv- 
ing Centering  Machine  is  designed  for  accurately  centering  finished  shafts. 


CHUCKS 

CENTERING 
MACHINES 


WILEY  &  RUSSELL   MFG.   CO. 

GREENFIELD,  MASS. 

Manufacturers  of  the  well-known  Lightning  "Machine  Relieved"  Taps,  Green 
Kivcr  and  Lightning  Screw  Plates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


SCREW  PLATES, 
TAPS. 
REAMERS, 
BOLTCUTTERS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


THE   BLAISDELL   MACHINERY   CO. 

BRADFORD,  PA. 
NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


Air 
Compressors 


CLEVELAND  PNEUMATIC  TOOL  CO. 

CLEVELAND,  O. 
We  make  the  most  powerful,  reliable,  durable,  economical  Hammers 
built.     Twenty-two  styles  and  sizes  of  Riveters;  18  styles  and  sizes  of  Chip- 
pers;  10  styles  and  sizes  of  Drills.     Tools  shipped  on  approval  at  our  expense. 


AIR  TOOLS 
HAMMERS 
RIVETERS 
CHIPPERS 
DRILLS 


THOS.   H.  DALLETT  CO. 


YoKK  Axn  23 UD  St. 


PHILADELPHL\,  PA. 


Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces;  all  working  parts  are  readily  accessible:  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high  class  installations.  Capacities  from 
80  cu.  ft.  per  minute  up  to  1^00  cu.  ft.     Write  for  catalogue. 


THE  LATDLAW-DUNN-GOKDON  CO. 

115  Bkoadway,  new  YORK  Wouks:  CINCINNATI,  OHIO 

Air  Compressors,  Elevator  Pumps,  Cross  Compound  Pumping  Engines. 
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AIR 
COMPRESSORS 


Air 
Compressors 

ELEVATOR 
PUMPS 

PUMPING 
ENGINES 


STEAM   ENGINES  AND   BOILERS 


STEAM   ENGINES  AND   BOILERS 


WATER   TUBE 
BOILERS 


ENGINES 


ALMY  AVATEll  TUBE  HOILEli  CO. 

PKOVIDENXE,   K.   I. 

Miiniifuctiirers  of  Alniy  Patent  Sectional  Water  lube  Hollers  for  steanisliips, 
river  steamers,  both  propeller  and  stern  wheel,  torix'do  boats,  lue  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


AMERICAN    ENGINE   CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American    Bali  Aiijile  Compound  Enj^ines.      Angle  com- 


pound, HO  to  1,000  h.  p.;    double  angle  compound,  KiO  to  2,000  h.  p. 
cylinder  triple,  120  to  1,600  h.  p. 


four 


STEAM 
ENGINES 


15ALL  ENGINE  COMPANY 

ERIE,  PA. 

We  build  Enfrines  only  and  of  but  one  fjrade.  Our  every  energy  is  centered  in  the 
effort  to  make  them  superior  to  all  others.  We  have  adopted  the  Side  Crank  type 
because  of  its  superior  adaptation  to  usual  conditions  of  service,  avoiding  the  over- 
hanging wheel. 


ENGINES 

STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Eour-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  .50  to  (JOOO  h.  p. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


UEARBOllN  DRUG  cV  CHEMICAL  WORKS 

General  Offices  and   Laboratories:    PostalTelegrapii   Bldg.,   CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  sc-ientific  water  treatment  for  thi'  jtrevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON   WORKS 

ERIE,  PA, 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  port;ible, 
open  bottom  portable  and  vertical  tubular.  Kugines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  ijortable.     Feed- Water  Heaters  from  2j  to  600  h.p. 


STEAM 
ENGINES 


HARRISBURCi   FOUNDRY  c^   MACHINE  WORKS 
HARRISBURG,    PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


STEAM   ENGINES  AND    BOILERS 


HEINE  SAFETY  1U)1I.ER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Supt-rlieaters,  manufactured  in  units  of 
from  50  to  COO  H.  P.,  will  materially  reduce  power  plant  expense. 


THE  HOOVEN,  OWENS,  KENTSCHLER  CO. 

HAMILTON,  OHIO. 

Manufacturers  of  Hamilton  Corliss  P^nji^ines,  Hamilton  Hi<i;h  Speed 
Corliss  Engines,  Hamilton  Holzwarth  Steam  Turbines,  Special  Heavy 
Castings. 


MURRAY    IRON   WORKS    CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube- 


Boiler. 


WATER 

TUBE 

BOILERS 


ENGINES 
TURBINES 
CASTINGS 


ENGINES 
BOILERS 


PROVIDENCE  ENGINEERING  WORKS  steam  and 

PROVIDENCE,  R.  I.  ^'^^  ™"^^^ 

'  GAS 

Rice   &    Sargent   Higher   Speed   Corliss   Engines,    Improved   Greene  |  PRODUCERS 

Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam  i  STEAM 

Turbines,  Automobile  Motors  and  Parts,  Special  Machinery.                               j  TURBINES 


RIDGWAY  DYNAMO   AND   ENGINE  CO. 

RIDGWAY,  PA.  I         ENGINES 

Ridgway  Engines;    four-valve,  cross    compound,  belted,   single-valve,        GENERATORS 
tandem   compound,  direct  connected.      Ridgway  Generators;    alternating  I 
current,  direct  current,  belted  and  engine  types.  I 


ROBB-MUMFORD   BOILER   CO. 

SOUTH  FRAMINGHAM,  MASS. 
131  Stite  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


BOILERS 


ROBT.    WETHERILL  &  CO..   Inc.  corliss 

CHESTER,  PA.                                                       j  ENGINES 

Manufacturers  of   Corliss  Engines  and   Boilers.     Special    Heavy  Ma-  BOILERS 
chinery-Plate  Metal  Work.                                                                                             ; 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS.  j  ENGINES 

Corliss    Engines,    Air   and    Gas    Compressors,    High    Duty    Pumping  |  Air 

Engines,  Blowing  Engines,   Rolling  Mill  Engines,  "Complete  Expansion"  j  COMPRESSORS 
Gas  Engines.                                                                                                                  I 
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GAS  ENGINES  AND   GAS   PRODUCERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


JAMES  EEGGS  &  CO. 

109  Liberty  St.  NEW  YORK 

Manufacturers  of  Foos  Producer  Gas  Engines  for  Water  Works,  Elec- 
tric Light  and  Power  Plants  of  all  kinds;  Vertical  Multiple  Cylinder  Engines, 
20  to  230  h.  p. ;  Horizontal  Single  Cylinder  Engines,  2  to  90  h.  p. 


GAS  ENGINES 

AND 

PRODUCERS 


THE  BRUCE-MACBETH    ENGINE   CO. 

Successors  to  THE  URUCE-MKRIAM-ABBOTT  COMPANY 
CLEVELAND,  (). 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      15  to  300  H.   P.      Economy,   reliability    and  simplicity  unex- 
celled. 


GAS 
ENGINES 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  gas,  gasoline  or  producer  gas.     Speed,   gas,   air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 


GAS 
PRODUCERS 


GAS  POWER  COMPANY 

4  Rkctor  Street,  NEW  YORK 

Straight  Carbon  Monoxide  Gas  Producers.  Sole  licensees  for  use  of 
exhaust  as  diluent.  Builders  and  contractors  for  complete  factory  and 
waterworks  equijament. 


GAS 

ENGINES 

GAS  POWER 

PLANTS 


THE    JACOBSON    ENGINE    COMPANY 

CHESTER,  PA. 
Builders  of  high-grade  Automatic  Scavenging  Gas  Engines  (Jacobson's 
Patent).      Contractors  for  complete  Producer  Gas  Power  Plants  guaranteed 
as  a  unit. 


OIL 
ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,    Marine  and  Stationary,  2-200  h.  p.      Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 


GAS  ENGINES 

AND 

PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 
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GAS  ENGINES  AND   GAS   PRODUCERS 


POAVER   AND    MINING    MACHINERY  CO. 

Wkst  St.  CUDAHY,  wis. 

Manufacturers  of  Looniis-Pettibone  Gas  Producers,  the  most  successful 
bituniinou.  coal  producer,  of  McCuUy  Rock  Crushers,  Mining,  Sraeltiny, 
Copper  Converting  and  Cement  Making  Machinery. 


GAS 
PRODUCERS 

MINING 
SMELTING 
CRUSHING 

CEMENT 
MACHINERY 


RIVERSIDE  ENGINE  COMPANY 

OIL  CITY,  PA. 
Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service.     Built 
in  twelve  types  and  seventy-two  different  sizes  from  10  to  2500  h.  p. 


ROOT   &    VAN  DERVOORT   ENGINEERING    CO. 

EAST  MOLINE,  ILL. 
Manufacturers   of  Gas  and  Gasoline  Engines  in  medium  sizes.     Our 
specialty :  Engines  of  from  2h  to  25  h.  p. 


STRUTHERS-WELLS  COMPANY 

WARREN,  PA. 
Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.    No  joints  between  combustion  chamber  and  water  jackets.    All  valve  cages 
removable. 


GAS 
ENGINES 


THE  SI^PERIOR  GAS  ENGINE  CO. 

SPRINGFIELD,  OHIO. 
Superior  Tandem  Engines,  100  to  200  H.  P.     Single  Cyhnder  Engines, 
5  to  100  H.  P.     Will  operate  economically  on  natural,  artificial  or  producer 
gas,  gasoline  or  distillate.      All  Engines  carry  a  20  to  23%  over  load. 


GAS  AND 

GASOLINE 

ENGINES 


GAS     ENGINES 

AND 

PRODUCERS 


GAS 
ENGINES 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


ALBANY  STEAM  TRAP  COMPANY 

ALBANY,  NEW  YORK 
Albany  Steam  Traps  are  the  result  of  thirty-five  years  specializing  in 
the  production  of  Steam  Traps.    Owners  and  engineers  of  Steam  Plants  are 
requested  to  write  for  data  concerning  the  Steam  Bucket  Return  Trap. 


AMERICAN  GOETZE-GASKET  &  PACKING  COMPANY 

530  E.  149  th  St.  NEW  YORK  CITY 

Makers  of  "Goetze's"  Copper  and  Metal  Gaskets  and  Goetze's  Metallic 
Packings. 
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STEAM 
TRAPS 


COPPER 
GASKETS 
METALLIC 
PACKING 


POWER   PLANT  AUXILIARIES  AND   SPECIALTIES 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Estabiishki)  1851 

Presssure  and  llecordiiij?  (iauges,  EiiKine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  st;itionary.  marine  and  loco- 
motive use.  The  .\merican  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


VALVES 
GAGES 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 
Off  Valves,  Pressure  and  Vacuum  Gajjes.  All  of  a  superior  (juality  and 
guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfactioa. 


WATER 
SOFTENERS 


L.   M.   BOOTH  COMPANY 

NEW  YORK  CHICAGO 

Booth  Water  Softeners  are  automatic  machines,  using  lime  and  soda  for 
removal  of  incrusting,  corrosive,  or  otherwise  deleterious  substances,  from 
water,  for  all  purposes.     Send  for  free  booklet  "Hard  Water  Made  Soft."' 


INJECTOR 
CONDENSORS 


HENRY 

w. 

biteklp:y 

j 

ORANGE 

N. 

J. 

The 

Bu 

Iklev 

Injector  Condensor  is 

guaranteed  to  forn 

th 

li  bt 

st  vacuum 

!  by 

head 

of 

water  or  by  supply 

pump 

In 

general  use 

on 

all 

classes 

of 

engmes. 

1 

VALVES 


CHAPMAN  VALVE  MANUFACTURING  CO! 

SPRINGFIELD,  MASS. 

Open  Hearth  Annealed  Cast  Steel  Gate  and  Globe  Valves  for  hisrh  pressures  and 
superheat.  Automatic  Non-return  Steam  Check  Valves.  Blow-off  Valves.  Hot  Gas 
Valves  for  Blast  Furnaces.     Write  for  our  1909  Catalogue. 


STEAM 
APPLIANCES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators:  Stationary.  Marine',  Locomotive  Safety  Valves; 
(lagres  for  all  purposes:  Recording-  Instruments:  Chime  Wliistler:  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures:  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  IManimeters  and  other  specialties. 


LUBRICATORS 


DETROIT  LUBRICATOR  COMPANY 

DETROIT,  MICH. 

"Detroit"  Sight-Feed  Lubricators  are  made  in  4-,51  diflFerent  styles,  to 
fill  any  retjuirement,  and  are  simple  and  dependable. 


GRAPHITE 
PRODUCTS 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 
Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 
Products  of  all  kinds. 
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POWER    PLANT  AUXILIARIES  AND   SPECIALTIES 


(i OLDEN- ANDERSON  VALVE  SPECIALTY  CO. 

103!^  Fulton  Bi.dg.  PITTSBURG,  PA. 

Valves:  Non-Return,  Stop  ami  ('lu-ck.  Boiler  Stop,  lioik-r  Kocd  C'hock,  IleduciiK.' 
Controlling  Altitiidc,  Automatic  Float,  (iloltc  and  Anirlo.  Boiler  Blow-OIV.  and  Aiito- 
niatic.  Balanced  Plug  Corks.  Steam  Imps.  Automatic  Water  and  Locomotive  Steam 
Gauges.    Feed  Water  llesrulators. 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

WoiiKs:     HOiMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  iiighest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


THE  HIGHSON  STEAM  SPECIALTY^  CO. 

CHICAGO,  ILL. 

Manufacture!  sot'  KefrulatiuK- \'alves  for  all  pressures  and  1'or  steam,  air  and  water. 
The  best  and  only  alisolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators.  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  comiilete  catalosruc. 


VALVES 

GAUGES 

FEED-WATER 

REGULATORS 


VALVES 


VALVES 
STEAM   TRAPS 
SEPARATORS 
REGULATORS 


THE  KENNEDY   VALVE  .MANUFACTURING  CO. 

ELMIRA,   X.  Y.  57  Beek.max  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  txjuipment. 


JOHN 

T. 

LTXDSTROM 

2U 

S.  Thikd  St. 

ALLENTOWN, 

PA. 

Manufacturer 

of  Lindstrora's 

Corliss  Valve  Steam  Trap, 

Steam  Separa- 

tors 

,  Boiler  Separators. 

McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The    McCord    Spring    Dampener.      The    McCord   Journal    Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


VALVES 


SEPARATORS 
STEAM 
TRAPS 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS.  VALVES 

Manufacturers  of  Reducing  Valves,  Damper  Regulators,  Automobile  STEAM 

Engines,    Pump    Governors,    Pressure    Regulators,    Balanced    and    Lever  SPECIALTIES 
Valves.                                                                                                                             I 


MORAN  FLEXIBLE  STEAM  JOINT  CO. 

115  N.  3d  St.  LOUISVILLE,  KY. 

All  Metal  Flexible  Joints,  for  steam,  air,   gas  and  liquid.     Universal 


brass  ball  unions  and  distillers'   brass   ffoods 
barrels,  barrels  and  casks  or  drums 
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Automatic  Fillers  for  half 


FLEXIBLE 
JOINTS 


STEAM 
TRAPS 


POWER    PLANT  AUXILIARIES   AND  SPECIALTIES 


MOREHEAD    MANUFACTURING    CO. 

DETROIT,  MICH. 

Return,  Non-Return  :iik1  Vacuum  Steiim  Traps.  The  Morehead  Tiltin?  Steam  Trap 
is  the  original  de.sign  of  tilting  trap,  haviuK  been  on  tile  market  for  a  (juarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  catalog  sent  on  request. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  224-page  Valve  Catalogue  sent  free  on  request. 


STEAM 

SEPARATORS 

TRAPS 


W.   H.   NICHOLSON  &  COMPANY 

WILKES-BARRE,  PA. 
The  Wyoming  Automatic  Eliniinator  is  a  combination  Steam  Separator 
and  Trap.      It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors.  Garfield  Injectors  and  Ejectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service.  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


METALLIC 
TUBING 


PENNSYLVANIA  FLEXIBLE  METALLIC  TUBING  CO. 
PHILADELPHIA,  PA. 

Our  Metallic  Tubing  is  made  in  all  sizes  from  ^"  to  12"  of  copper  or 
galvanized  steel  tape  rolled  into  spiral  form  in  one  continuous  length.  Used 
for  high  pressures  and  all  liquids,  compressed  air,  steam,  gases,  oils,  etc. 


VALVES 


THE  WILLIAM  POAVELL  CO 

CINCINNATI,  OHIO 

Globe,  Gate,  Angle  and  Check  Valves,  with  the  reversible-regrindable- 


renewable  discs;  three  valves  in  one  at  the  price  of  one;  two 
200  lb.  and  300  lb.  working  pressures. 


grades,  for 


SEPARATORS 

FEED-WAFER 

HEATERS 

PURIFIERS 


POWER  PLANT  SPECIALTY  COMPANY 

.W5  MoNADNocK  Bi.K.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  ^'ater  Opc-n  Eecd  Water  Heater,  Monarch  Vacuum  Drain  Tap, 
Pressure  and  Gravity  Filters.     Correspondence  solicited. 


ROTARY 
GATE 
VALVE 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchlld  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  STEAVART  HEATER  COMPANY 

BUFFALO,  N.  Y. 

Manufac-turiTs  of  tlu'  Otis  Tubular  Ft-cd  Water   Heater,  Oil   Separator 
and  Purifier.      Oibilojiifue  and  priees  at  your  service. 


FEED 
WATER 
HEATER 


WALCH   &    WYETH 

CHICAGO,  ILL. 

riie  Krwooci  Straightway  Swiiiff-Gate  Valve  is  iiivaluahle  as  a  safety  gate  on  ex- 
hausts of  enfrines,  pumps,  hammers,  elevators  and  air  compressors,  also  as  a  non-return  on 
boilers,  between  cylinder  and  condenser,  cylinder  and  heater  and  as  a  combined  check 
antl  sate. 


VALVES 


WHEELER  CONDENSER  &  ENGINEERING  CO. 
Main  Ofuce  and  Works:     CARTERET,   N.   J. 

Builders  of  Wheeler  Surface,  Jet  and  Barometric  Condensers,  Wheeler-Vol/.  Com- 
bined Surface  Condensers  and  Feed  Water  Heaters,  Wheeler  Feed  Water  Heaters, 
Barnard- Wlieeler  Cooling  Towers,  Wheeler-E^dwards  Air  Pumps,  Wheeler  Centrifugal 
Pumps,  Wheeler  Rotative  Dry  Vacuum  Pumps  and  Wheeler  Multiple  Effect  and  Rvap- 
oratintr  Michinery. 


CONDENSERS 
FEED-WATER 
HEATERS 
COOLING 

TOWERS 


C.  H.  WHEELER  MFG.  CO. 


NEW  YORK 


PHILADELPHIA,  PA. 

CHICAGO 


SAN  FRANCISCO 


Manufacturers  of  High   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


A.    B.    WILLOITGHBY 

The  Bourse  PHILADELPHIA,  PA. 

Willoughby's  Patent  Improved  Shaking-  Grates  and  Furnaces;  Alter- 


nating Rotary  Shaking 
lar  fire  boxes. 


Grates  for  fire  engines  and  all  boilers  with  circu- 


SHAKING 
GRATES 


FOUNDRY   EQUIPMENT 


HANNA  ENGINEERING  WORKS 


2059-2113  Elstov  Ave., 


CHICAGO,   ILL. 


Manufacturers  of  Hanna  Pneumatic  Yoke  Riveters,  Plain  To<r^'Ie  Riveters,  Hydro- 
Pneumatic  Riveters,  Pneumatic  Punches,  Screen  Shakers,  Revolvinj;  Dumping  Riddles, 
Radial  Reamers.  Mold  Dryers,  Titus  Stoping  Drills,  Rathbone  Multiple  Molding 
Machines,  etc. 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVKY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.      Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 
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RIVETERS 

SAND  SIFTERS 

MOLDING 

MACHINES 


FOUNDRY 

PLANT 

EQUIPMENT 


PUMPS  AND   HYDRAULIC  TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


AMERICAN  STEAM  PUMP  COMPANY 

PUMPING  BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

MACH  INERY  Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping:  Machinery. 

The  valve  niotiou  is  desiirned  for  efficient  and  reliable  service,  v\^hicli.  combined  with 
low  maintenance  cost,  sliould  apijcal  to  engineers  ■who  desire  to  reduce  their  operating 
j  expenses.     Literature  >ipon  re<iuest. 


TURBINE 
PUMPS 


ATLANTIC  HYDRAULIC  MACHINERY  CO. 
PHILADELPHIA,  PA. 


Inc. 


Our  Turbine  Pumps  are  light,  comparatively  low  priced,  constructed 
accordinfi'  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  reciuirenients  exactly. 


MARINE    PUMPS 

POWER    PUMPS 

FEED    WATER 
HEATERS 


VENTURI 
METERS 


THE  GEO.  \\  EEAKE  MFG.  CO. 

115  Broadway,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Marine   Pumps,    Feed  Water   Heaters,    Steam  and   Power   Pumping 
Machinery  for  general  service. 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Venturi  Meters  measure  cold  water,  hot  water,  brine  and  cliemicals.  They  are 
used  on  gravity  supplies  and  to  clieck  performance  of  centriUiKal  and  reciprocating 
pumps.  Usual  sizes  from  i"  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


PUMPS 
CONDENSERS 


M.   T.   DAVIDSON  CO. 

43-53  Keai>  St.,  BROOKLYN,  N.  Y. 
New  York:   154  Nassau  St.  Boston:  .30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 


densers. 


POWER  PUMPS 
STEAM  PUMPS 


THE  DEANE  STEAM  PUMP  CO. 

115  Broadway,  NEW  YORK  Wokks:  HOLYOKE,  MASS. 

Power  Pumping  Machinery,  Oeneral  Service  Steam  Pumps. 


MINING 
PUMPS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  tlien  let  a  ditterence  of  from  .?5  to  even  50^  in  first 
cost  determine  your  selection? 
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PUMPS  AND   HYDRAULIC  TURBINES 


HOLYOKK  MACIIIXE  COMPxVXV 

HOLYOKE,  MASS.  WORCESTKH,  MASS. 

WiittT  Wheels  with  C'oiiiu'etions  aiul  Coiiipleti-  Power  Transmission, 
Water  M'liei'l  (iovt-rnors,  (ieariiiu',  \\ Ooil  I'lilj)  and  Paper  Maeliinery, 
Pumps,  IlydrauUc;  Presses.     Spi-eial  Maeliinery  to  t)riler. 


WATER 
WHEELS 


THE  JEANESVILLE  IRON  VVOllKS  CO. 

HAZELTON,  PA. 

Builders  of  High-grade  Pumping:  Machinery   Direct-acting,  Fly-wheel, 
and  Centrifugal  for  elevator,  mine  and  waterworks  service. 


KXOWLES  STEAM  PUMP  WORKS 

115  Broadway,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Mine  Pumping-  Machinery,  Vacuum  Pumps,  Underwriter  Fire  Pumps 
and  Power  Pumps. 


PUMPING 
MACHINERY 


MINE    PUMPS 

FIRE  PUMPS 

POWERPUMPS 


THE   JOHN    H.    McGOWAN    CO. 

CINCINNATI,  OHIO 
Builders  of  all  types  of  Duplex,  Direct  Acting,  Water  Works  Pumping 
Engines;  Boiler  Feed,  General,  Low  and  special  service  Pumps,  Single  Du- 
plex and  Rotative  types.  Noiseless  Back  Pressure  Valves  and  other  specialties. 


MORRIS  MACHINE  WORKS 

BALDWINS VILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  A'ertical  and  Hori- 
zontal Engines  and  Boilers. 


PUMPING 

ENGINES 

PUMPS 

VALVES 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


NYE  STEAM  PUMP  AND  MACHINERY  CO. 

70  W.  AVashingtov  St.  CHICAGO,   ILL. 

Manufacturers  of  the  Geo.  E.  Nye  Improved  Steam  Pump  for  raising 
water  and  for  any  kind  of  manufacturing  or  fire  purpose. 


STEAM 
PUMPS 


WILLIAM  E.   QUIMBY,  INC. 

548-50  West  23d  St.  NEW  YORK 

Manufacturers  of  the  Quimby  Screw  Pump  and  Quimby  Electric 
Sump  Pump.  Also  General  Machinists.  Shops  equipped  with  large  and 
ai'curate  tools. 


PUMPS 


RISDON-ALCOTT  TURBINE  CO. 

MT.  HOLLY,  N.  J. 

Manufacturers  of  Risdon  Cylinder  Gate  Turbine,  Risdon  Register  Gate       TURBINES 
Turbine,  Alcott  High  Duty  Turbine. 

Successors  to  T.  H.  Risdon  &  Co..  and  'I'.  C.  Alcott  &  Son. 
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PUMPSJAND   HYDRAULIC  TURBINES 


TURBINE 
WATER 
WHEELS 


PUMPING 
ENGINES 

PRESSURE 
PUMPS 

GAS 
ENGINES 


S.  MORGAN  SMITH  CO. 

YORK,  PA. 
Manufacturers  of  Turbine  Water  Wheels,  Cylinder  and  Wicket  Gate, 
suitable  for  operatinji"  all  kinds  of  niac-hinery.      We  design   and  build  Tur- 
bines to  meet  specific  requirements. 


THE  SNOW  STEAM  PUMP  WORKS 

115  Broadway,  NEW  YORK         •  Works:  BUFFALO,  N.  Y. 

Water  Works  Pumping  Engines,  Oil  Line  Pressure  Pumps,  Gas  Engines. 


PUMPS 

CONDENSERS 

WATER 

METERS 

WATERWORKS 

PUMPING 

ENGINES 


HENRY  R.   WORTHINGTON 

115  Broadway,  NEW  YORK  Works:  HARRISON,  N.  J. 

Steam  Pumping  Machinery  for  every  service.     Jet,  Surface  and  Bar- 
ometric Condensers.     Water  Meters  and  Water  Works  Pumping  Engines. 


BLOWERS,   FANS,   DRYERS,  ETC. 


BLOWERS 

FANS 

EXHAUSTERS 


DRYERS 


EXETER   MACHINE   WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 


RUGGLES  COLES  ENGINEERING  CO. 

(Ji.D  CoLOXY  Bi.DG.,   CHICAGO  Hrnsox  Terminal,  NEW  YORK 

Dryers.      Direct  heat.  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


FANS      1  B.   F.   STURTEVANT  COMPANY 

BLOWERS  HYDE  PARK,  MASS. 

ECONOMIZERS  We  make  equipment  to    force   or    exhaust  air  luuler    all  conditions. 

ENGINES      j  Largest  standard  line  of  "ready  to  deliver"'  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


TURBINE 

BLOWER 

SYSTEM   OF 

MECHANICAL 

DRAFT 


L.   J.    WING  MFG.   CO. 

<)()  West  St.  NEW  YORK 

Wing's  Turbine  Blower  system  of    Mechanical    Draft    is   the   modern 

method  of  burning  cheap  fuel  and  increasing  boiler  capacity.     Draft  always 

the  same;  uniform  steam  pressure;  requires  no  floor  space;  easily  installed. 
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HOISTING  AND  CONVEYING   MACHINERY 


HOISTING  AND  CONVEYING  MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  AUiaiu-e  Cranes  of  all  types;  also  Rolling;-  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


THE  ALVEY-FERGUSON  CO. 

577  Hudson  Terminal  Bldg.,  NEW  YORK      Main  office  and  factory,  LOUISVILLK,  KY. 

Manufacturers  of  A-F  Gravity  Conveyors,  A-F  Power  Conveyors,  A-F 
Belt  Conveyors,  etc.  Conveyors  of  every  description  to  suit  all  require- 
ments. 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


CONVEYORS 


ALFRED  BOX  &  COMPANY 

PHILADELPHIA,  PA. 
Builders  of  Box's   Double   Screw   Chain   Hoists,  Trolley  Hoists  and 
Stokers;  Jib  and  Traveling  Cranes,  Electric  or  Hand  Power,  up  to  100  tons 
capacity. 


H.   W.   CALDWELL  &  SON  CO. 

17th  Street  axd  Western  A^e.  CHICAGO,  ILL. 

Conveyors:  helicold  screw,  link  belt,  wire  cable,  troughed  belt,  platform. 

Elevators:  link   belt,  flat  belt  and  bucket,  package,  steel  elevator  casings. 

Power  Transmission:  shafting-  and  fittings,  gears,  pulleys  and  band  wheels. 


THE  CHISHOLM  &  MOORE  MFG.   CO. 

Lakeside  Ave.  axd  E.  49th  St.  CLEVELAND,  O. 

Makers  of  Chain  Hoists,  I  Beam  Trolleys,  Railway  Track  Appliances, 
Malleable  Iron  Castings. 


THE  CLEVELAND  CRANE  &  ENGINEERING  CO. 

WICKLIFFE,  OHIO 
Designers   and   manufacturers   of  all   kinds   of  Cranes. 


DARLEY  ENGINEERING  COMPANY 

SiXGER  BuiLDixc,  NEW  YORK 

Our  Suction  Conveyor  is  the  best  yet  devised  for  handlinij  Ashes.  It 
is  dustless,  noiseless  and  efficient.  It  is  also  a  first-class  Conveyor  for 
handling  other  of  the  lighter  materials. 


HOISTS 
CRANES 


CONVEYORS 
ELEVATORS 

POWER 
TRANSMISSION 


CASTINGS 

CHAIN  HOISTS 

TROLLEYS 


CRANES 


SUCTION 
CONVEYORS 
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HOISTING  AND  CONVEYING   MACHINERY 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

ContractiiiK-Eiigiiieers.  "Tlie  Dodg'e  System"  of  coal  storage,  Bridge  Tranivvays, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  Locomotive-Coaling  Stations,  Hoisting 
Towers,  Direct  Unloaders,  C:ir  Dumpers,  Steel  and  Concrete  Structures. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Ereij^iit  Ele- 
vators,   Hoistinji'    Machines,   Friction  Winding-  Drums,   Friction    Clutches 
and  Friction  Clutch  Pulleys. 


ELECTRIC 

LIFTING 

MAGNETS 


ELECTRIC    CONTROLLER   &   MFG.    CO. 

CLEVELAND,  OHIO 
Electric  Lifting  Magnets,  Electric  Motor  Starters,  Controllers,  Brakes, 
Flexible  Couplings,  Solenoids,  Electric  Arc  Welders. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery:  Coal  and  Aslies  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crusliers.  Pulverizers.  Car  Hauls.  Coal  Tipples, 
Coal  Waslieries,  Locomotives,  Coal  Cutters.  Drills,  etc.  Complete  Coal  Mine  Kquip- 
ments. 


WIRE  ROPE 

AerialWire  Rope 
TRAMWAYS 


A.   LESCHEN  &  SONS  ROPE  CO. 

ST.  LOUIS,  MO. 
New  York  Chicago  Denver  Seattle 

Producing  Wire  Rope  of  Qualities  and  constructions  adapted  to  every  condition 
of  wire  rope  service,  including  tlie  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  Constructions.  Systems  of  Aerial  Wire  Rope  Tramways  for  the 
economical  transportation  of  any  material. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


ELEVATORS 

AND 
CONVEYORS 


ELEVATING 
CONVEYING 

POWER 

transmitting 
Machinery 


•LIDGERWOOD  MFG.   CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,  for  every  use  of  the  contractor,  miner, 
warehouseman,  raUroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 
Cableways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators   and    Conveyors  for  every  purpose;    all  accessories;    Power 
Transmission  Machinery. 


LINK  CHAIN  BELT  CO. 


52  Dey  St. 


NEW  YORK 


Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery;  Ele- 
vator and  Belt  Conveyor  Appliances:  Mill  and  Milling  Supplies  and  Elevator  Buckets; 
Standard  Spiral  Conveyors:  Silent  Chain  Drives  and  all  Standard  Chain  Belts.  Makers 
of  the  Clouser  Detachable  Higli  Speed  Link  Cliain  Belt. 


HOISTING  AND   CONVEYING   MACHINERY 


THE    MOl^GAN   ENGINEERING    CO. 

ALLIANCE,  OHIO 
Are  the  larji.est  builders  of  P'-Iectric  Traveling  Cranes  in  the  world.    We 
also   design  and  build  Steel  Plants  complete.  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinerj'. 


NORTHERN  ENGINEERING  WORKS 

DETK(^rr,   MICH. 

We  make  Cranes  of  all  types  up  to  loO  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service. 


CRANES 


CRANES 
HOISTS 


THE   OHIO    ELEVATOR  &   MACHINE  CO. 

COLUMBUS,  O. 
High  class  Elevators  for  every  service.     Electric,  Hydraulic,  Belt  and 
Hand   Power,  and  Freight  Elevators.     Estimates   and  preliminary   plans 
furnished  on  request. 


ELEVATORS 


ROBINS  NEW  CONVEYOR  COMPANY 


NEW  YORK,  72  Front  St. 
Thos.  Robins,  President 


CHICAGO,  Old  Colony  Building 
C.  Kemble  Baldwin,  Chief  Engineer 


Belt   Conveyors,  Robins    genuine    Balata   Beltins:,   Robins    Laminated   Leather 
Belting,  Robins  New  Conveyor  Belts  of  Rubber  and  Balata. 


BELT 
CONVEYORS 

CONVEYOR 
BELTS 

BALATA 
BELTING 


JOHN  A.  ROEBLING  S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


WIRE   ROPE 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.      Kail- 
road  Wrecking  Cranes,     Electric  Motor  Controllers. 


CRANCS 
CONTROLLERS 


STROrDSBURG  ENGINE  CO. 

STROUDSBURG,  PA. 
Builders  of  High-Grade  Hoisting  Engines  and   Electric  Hoists,   Im- 
proved  Contractors"   and  Mine  Hoisting  Engines,   Excavating,  Dredging, 
Pile  Driving  and  Logging  Engines,  Quarry  Hoisting  Engines. 


ELECTRIC 

HOISTS 
HOISTING 
ENGINES 


WEBSTER  MFG.   CO. 


2il0-2«>  W.  IHh  St.,  CHICAGO,  ILL.  Eastern  Branch:  8S-!)0  Readc  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Macliinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  foi  power  plants  and  buildings. 
Chain  Belting.    Gearing. 
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ELEVATING 

CONVEYING 

POWER 

transmitting 
Machinery 


HOISTING  AND  CONVEYING   MACHINERY 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


THE   YALE   k   TOWNE   MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 

is  made  in   14  sizes,  with  a  liftinfj  capacity  of  from  ^  to  20  tons;   Electric 
Hoist  in  10  sizes,  ^  to  16  tons. 


POWER  TRANSMISSION 


PULLEYS 


THE   AMERICAN    PULLEY 

PHILADELPHIA,  PA. 


CO. 


The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larg:er  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  .screw,  no  slip;  liffht, 
true  and  amply  strong  for  double  belts.     1>0  stocks  carried  in  the  United  States. 


FRICTION 
CLUTCH 


THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 
The  Johnson  Friction  Clutch  for  feed  and  speed  changes  on  Machine 
Tools  is  the  most  compact  Clutch  on  the  market  for  the  power  it  will  trans- 
mit.    Our  catalog  "G"  should  be  on  every  machine  tool  designer's  desk. 


CHAIN 
DRIVE 


POWER 

Transmission 


DIAMOND  CHALN  &  MANTTFACTUKING  CO. 

259  West  Georgia  St.  INDIANAPOLIS,  IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything   for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


FRICTION 
CLUTCHES 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,    OHIO. 
The  Hill  Friction  Clutch  will  pick  up  and  start  a  greater  load  in  pro- 
portion to  its  rated  carrying  capacit^y  than  any  other  tyjjc  of  Clutch.     Al- 
most universally  used  in  cement  mills,  paper  mills,   smelters,  steel  plants, 
and  other  industries  where  service  is  severe. 


CORK  INSERT 

FRICTION 

SURFACES 


NATIONAL  BRAKE  &  CLUTCH  COMPANY 

16  State  Street,  BOSTON,   MASS. 

We  license  others  to  manvifacture,  use  or  sell  Cork  Insert  Pulleys.  Clutches  and 
Brakes.  They  increase  efficiency  50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  clutches  and  in  motor,  shafting  and  machinery  pulleys.  Send  lor  pam- 
phlets showing  fifty  applications. 
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POWER  TRANSMISSION 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA.  N.  Y.  CHICAGO,  ILL. 

The  laro-est  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Tulleys 
rano-e  from  <>  to  lli"  diameter,  :}  lo  10"  face,  and  fit  any  size  shaft  from  1 
to  8^".     Let  us  send  you  our  booklet  illustrating--  all  styles. 


POOLE  ENGINEERING  <^  MACHINE  CO. 

WOODBERRY,  BALTIMORE,  MU. 

Manufacturers  ami  Desisiiors  of  all  kinds  of  Heavy  Machinery,  reciuirinj,'  lirst- 
class  workmanship  and  ni.iterials.  Band,  Hope,  and  Fly  Wheels,  Friction  Clutches, 
Shafting.  Pulleys  and  Haiifrers.  Machine  Molded  and  Planed  Gearing'.  Poole-I.etlcl 
Turbine  Water-Wheels.     White  Lead  and  Oil  Machinery. 


THE  llOCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IXD. 
Roekwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 


PULLEYS 


POWER 
TRANSMISSION 

WATER  WHEELS 


Friction 
Transmission 


ELECTRICAL  APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


REIJANCE  ELECTRIC  &  ENGINEERING  CO. 

CLEVELAND,  OHIO 

Lincoln  Variable  Speed  Motors  and  Constant  Speed  Motors.  Our  line 
of  Constant  Speed  Motors  includes  all  forms  of  standard,  direct  current  and 
alternating  current  motors  for  individual  machine  tool  drive. 


SIEMENS-SCHUCKERTWERKE  G.  m.  b.  H. 

50  Chiuch  St.  NEW  YORK 

High  Class  Electrical  Generators  and  Motors,  Electrical  Hoists  and 
Electric  Drives,  Electrical  Mining  Machinery,  Electrical  Apparatus  for  all 
purposes. 


WAGNER  ELECTRIC  MFG.   COMPANY 

ST.  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Li^htinp:  Transformers.  Huilders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  offered  to-day. 
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DRIVE 
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ELECTRICAL 
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DYNAMOS 

MOTORS 

Transformers 
Instruments 


ENGINEERING   MISCELLANY 


ENGINEERING   MISCELLANY 


METAL 

FOR 

PISTONS 


A.   ALLAN  k  SON 


490    CJrREENWICH    S'l'. 


NEW  YORK 


Allan  Metal  for  pistons.      Facing   pistons  with  Allan  Metal  prevents 
scoring  of  cylinder,  reduces  friction,  wear  and  maintenance  cost. 


AIR 
CONDITIONING 


UNIVERSAL 

CAST  IRON 

PIPE 


BALL 
BEARINGS 


CARllIER  AIR  CONDITIONING  CO. 

39  COUTLANDT  St.  NEW  YORK 

The  Carrier  Air  Washer  and  Humidifier  is  a  simple  and  positive  system 
of  Air  Conditioning,  including  washing,  purifying,  humidifying,  dehumid- 
ifying,  cooling,  tempering. 


CENTRAL  FOLNDRY  CO. 

87  Wall  St.  NEW  YORK 

Universal  Cast  Iron  Pipe  is   permanently  imafFected  by    contraction, 
expansion  or  deflection  and  non-leaking. 


CHAPMAN    BALL    BEARING   CO. 

40  Bristol  St.  BOSTON,  MASS. 

Chapman  Double  Ball  Bearings  eliminate  line  shaft  friction  and  there- 
fore save  power.  May  be  applied  to  special  mac-hines  of  all  descriptions  as 
well.     Lubrication  reduced  to  a  minimum.     Send  for  catalog. 
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ICE  AND 

REFRIGERATING 

MACHINERY 


ROLLER 
BEARINGS 


HIGH 

PRESSURE 

PIPING 

RADIAL  BRICK 

CHIMNEYS 


FRICK  COMPANY 

WAYNESBORO,  PA. 
Manufacturers  and  builders  of  "Echpse"  Ice-making  and  Refrigerating 
Machinery.     Complete  equipments  for  ice  factories,  c-old  storage    houses, 
breweries,  packing  houses,  hotels,  etc.     Red  book  "M"  on  request. 


HYATT   HOLLER  BEARING  CO. 

NEW^ARK,  N.  J.  DETROIT,  MICH. 

Makers  t)f  Better  Bearings  in  stanilard  sizes  for  every  wheel  or  shaft 
which  turns,  consisting  of  hollow,  helical  coils  which  are  rigid  hut  flexible,  do 
not  overheat,  save  oil,  and   retluce  friction  from  U)  to  65  per  cent.      Write. 


THE  M.   W.   KELLOGG  CO. 

50  Church  St.  NEW  YORK 

Design,  manufacture  and  install  all  types  of  High  Pressure  Piping. 
Welded  Flanges,  Van  Stone  Flanges  and  Welded  Nozzles  a  specialty. 
Manufacturers  of  Radial  Brick  Chimneys. 
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THE  Hudson-Fulton  celebration,  now  in  progress  in  New  York 
City,  emphasizes  as  have  few  events  the  debt  of  the  present 
age  to  the  engineer.  The  American  Society  of  Mechanical 
Engineers  has  entered  into  the  spirit  of  the  celebration  by  prepar- 
ing an  exhibit  in  the  rooms  of  the  Society  as  a  modest  representation 
of  the  engineering  profession.  The  exhibit,  which  has  been  an- 
nounced through  the  daily  and  technical  press  and  the  literature 
issued  by  the  Hudson-Fulton  Celebration  Committee,  illustrates  the 
development  in  marine  engineering,  beginning  with  the  days  of 
Fitch,  Fulton  and  Stevens.  An  account  of  the  exhibit  is  published 
elsewhere  in  this  number.  It  is  fortunate  that  the  Society  could 
thus  contribute  to  the  features  of  the  celebration  and  so  emphasize 
the  progress  in  engineering  which  is  now^being  commemorated. 

MEETINGS  FOR  OCTOBER 

Meetings  of  the  Society  are  to  be  held  during  the  month  of  October 
as  follows: 

In  New  York,  on  Tuesday  evening,' October  12,  at  eight  o'clock, 
in  the  Engineering  Societies^Building,  with  a  paper  by  Prof.  R.  C. 
Carpenter  of  Cornell  University  upon  The  High-Pressure  Fire  System 
of  New  York  City. 

In  St.  Louis,  jointly  with  the  Engineers  Club  of  St.  Louis,  on  Satur- 
day evening,  October  16,  when  Professor  Carpenter  will  again  present 
his  paper  upon  The  High-Pressure  Fire  System. 

In  Boston,  on  Wednesday  evening,  October  20,  at  eight  o'clock, 
jointly  with  the  Boston  Society  of  Civil  lOngincers  in  Chipman  Hall 
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a  paper  will  be  presented  by  Prof.  Gaetano  Lanza  and  Lawrence  S. 
Smith  on  Comparison  of  Results  Obtained  by  the  Use  of  Three  Theories 
of  the  Distribution  of  the  Stresses  in  Reinforced  Concrete  Beams, 
with  the  experimental  results. 

In  conducting  meetings  in  St.  Louis  and  Boston  the  Society  is 
entering  into  broader  activities  than  ever  before  and  affording  the 
membership  a  greater  opportunity  to  attend  meetings,  participate 
in  the  discussion  of  papers  and  meet  members  and  engineers  in 
attendance  at  the  meetings.  The  meetings  in  St.  Louis  and  Boston  as 
well  as  in  New  York  are  to  be  regular  meetings  of  the  Society,  with 
the  same  standards  maintained  in  regard  to  papers,  discussion  and 
general  conduct  of  the  meetings  that  have  been  established  by  the 
conventions  and  other  regular  meetings  of  the  Society  held  in  pre- 
vious years. 

Of  the  two  papers  to  be  given  in  October,  that  by  Professor  Carpen- 
ter introduces  a  subject  which  should  draw  out  a  great  deal  of  dis- 
cussion. The  first  high-pressure  fire  system  in  the  country  was 
installed  at  Detroit  in  18S8,  where  it  was  designed  to  fill  the  mains  by 
means  of  steam-driven  pumps  on  boats.  There  are  now  systems 
installed  or  in  process  of  construction  in  Philadelphia,  Brooklyn, 
Baltimore,  Boston,  Buffalo,  San  Francisco,  Toronto  and  possibly 
other  places.  In  some  of  the  installations  multi-stage  centrifugal 
pumps  are  employed  and  in  others  plunger  pumps  are  used.  There 
is  therefore  an  opportunity  for  discussion  of  high-pressure  systems, 
as  such,  and  also  of  the  relative  advantages  and  characteristics  of 
different  types  of  pumps  for  high-pressure  work. 

The  paper  by  Professor  Lanza  and  Mr.  Smith  gives  the  results  of 
extended  experiments  upon  full-sized  reinforced  concrete  beams 
with  well-developed  theories,  the  paper  forming  an  important  contri- 
bution to  the  all-important  subject  of  reinforced  concrete  construction. 

ANNUAL  MEETING 

Preparations  are  actively  under  way  for  the  annual  meeting  to  be 
held  in  New  York,  December  7-10,  detailed  announcement  of  which 
will  be  made  later.  Valuable  papers  have  already  been  received.  As 
advance  publication  must  be  given  to  papers  presented  at  the  meeting 
and  ample  time  allowed  for  their  preparation  and  distribution  in 
order  to  secure  discussion,  papers  submitted  for  the  annual  meeting 
should  be  in  this  office  by  October  15  and  in  no  case  later  than  Noveni.- 
bar  1. 
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NOTICE  OF  AMENDMENT  TO  (  ONSTITUTION 

Under  the  i-oquiroments  of  C57  notice  is  given  of  the  following 
proposed  amendments  to  the  Constitntion: 

C45  Public  Relations  Committee.  Amend  C45  of  the  Constitution 
by  adding  after  the  words  "  Research  Committee  "  the  words,  "  Public 
Relations  Committee. " 

Presented  and  approved  under  requirements  of  C57  (Washington, 
D.  C.)  May  o,  1009. 

CIO  and  Cll.  Presented  and  approved  under  requirements  of 
C57  at  the  business  session  of  the  Society  at  the  Washington  Meeting, 
May  5,  1909,  as  follows: 

ClU  An  Aissociate shall  be  thirty  years  of  age  or  ov'er.  He  must  have  been  so 
connected  with  some  branch  of  engineering  or  science,  or  the  arts,  or  industries, 
that  the  Council  will  consider  him  qualified  to  cooperate  with  engineers  in  the 
advancement  of  professional  knowledge.     He  need  not  be  an  engineer. 

Approved  and  confirmed  by  Council  at  its  meeting  June  2,  1909, 
with  the  following  recommendation:  Omit  the  words  "He  need  not 
b(»  an  engineer.  " 

CIO  as  finally  amended  to  read: 

('10  An  Associate  shall  be  thirty  years  of  age  or  over.  He  must  have  been 
so  connected  with  some  branch  of  engineering  or  science,  or  the  arts,  or  industries, 
that  the  Council  will  consider  him  quahfied  to  cooperate  with  engineers  in  the 
advancement  of  professional  knowledge. 

Cll  A  Junior  shall  be  twenty-one  years  of  age  or  over.  He  must  have  had 
such  engineering  experience  as  will  enable  him  to  fill  a  responsible  subordinate 
position  in  engineering  work,  or  he  must  be  a  graduate  of  an  engineering  school. 
A  person  who  is  over  thirty  years  of  age  cannot  enter  the  Society  as  a  Junior. 

The  Council  recommend:  To  substitute  for  the  last  sentence  of  the 
amendment  the  following:  "A  person  who  is  over  thirty  years  of  age 
shall  not  be  eligible  to  membership  in  the  Society  as  a  Junior. " 

Cll  as  finally  amended  to  read: 

Cll  .\  Junior  shall  be  twenty-one  years  of  age  or  over.  He  must  have  had 
such  engineering  experience  as  will  enable  him  to  fill  a  responsible  subordinate 
position  in  engineering  work,  or  he  must  be  a  graduate  of  an  engineering  school. 
A  person  who  is  over  thirty  years  of  age  shall  not  be  eligible  to  membership  in 
the  Society  as  a  Junior. 

[Extract  from  Co7.  At  that  annual  meeting  such  proposed  amend- 
ment shall  be  presented  for  discussion  and  final  amendment,  and 
shall  subse(|uently  be  submitted  to  all  members  entitled  to  vote, 
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provided  that  20  votes  are  cast  in  favor  of  such  submission.  The 
final  vote  on  adoption  shall  be  by  sealed  letter-ballot,  closing  at  twelve 
o'clock  noon,  on  the  first  Monday  of  Marcli  following.  "] 

THE  SOCIETY'S  HI  DSOiN-Fl'LTON  EXHIBIT 

Idi  keeping  with  the  celebration  of  the  discovery  of  the  Hudson 
River  and  the  successful  application  of  steam  to  navigation,  the  House 
Committee  of  the  Society  has  appointed  a  subcommittee,  with  Edward 
Van  Winkle  as  chairman,  and  has  prepared  an  exhibit  of  models, 
drawings,  letters,  books  and  other  items  of  interest  related  to  early 
steam  navigation. 

This  exhibit  is  the  only  participation  of  any  engineering  organiza- 
tion as  such  in  the  celebration,  and  much  credit  is  due  Mr.  Van 
Winkle  for  the  time  and  attention  devoted  to  its  preparation.  The 
aim  has  been  to  make  it  of  interest  to  the  general  public  as  well 
as  the  engineer.  The  exhibit  room  is  open  from  9  a.m.  to  5  p.m. 
every  weekday.     A  list  of  the  exhibits  follows: 

The  model  of  the  Clermont,  loaned  by  the  Smithsonian  Institution,  shows  that 
vessel  as  she  was  at  the  time  of  her  maiden  trip.  After  making  several  trips 
during  the  fall  of  1807,  the  Clermont  was  docked  at  Browne's  shipyard  and  fitted 
up  for  regular  passenger  traffic. 

The  model  of  the  Phoenix,  loaned  by  the  Smithsonian  Institution,  shows  Stev- 
ens' boat  at  the  time  of  making  her  notable  New  York-Philadelphia  trip — the  first 
ocean  voyage  made  by  a  steam  vessel. 

A  model  of  a  steamboat  built  by  John  Fitch  in  1786,  also  loaned  by  the  Smith- 
sonian Institution,  has  a  peculiar  arrangement  of  oars  dipping  into  the  water 
something  Hke  a  canoe  paddle.  Despite  its  clumsy  appearance  the  boat  made  a 
trip  of  20  miles  on  the  Delaware  River. 

A  9-ft.  model  of  the  Deutschland,  loaned  by  the  Hamburg- American  line, 
shows  by  contrast  the  remarkable  development  in  steam  navigation  during  the 
last  one  hundred  years. 

Fulton  painted  an  oil  portrait  of  liimself  while  a  pupil  of  Benjamin  West.  This 
portrait  was  presented  to  the  Society  by  Mrs.  R.  Anna  Cary. 

The  Fulton  dining  table,  owned  by  the  Society,  is  of  mahogany,  8^  ft.  long  and 
5  ft.wide.  It  was  presented  to  Mrs.  Egleston  House  by  Robert  Fulton  and  passed 
from  her  hands  to  Geo.  W.  Egleston,  and  from  him  to  his  brother  Thomas  Egles- 
ton, who  presented  it  to  the  Society  in  1891. 

Two  autograph  drawings  by  Fulton  are  exhibited,  one  of  them,  a  brush  draw- 
ing of  a  high-level  canal,  presented  by  Cornelia  J.  Carll,  shows  his  artistic  abihty 
as  well  as  his  mechanical  genius.  The  other  drawing  is  of  the  Sound  steamer 
Fulton,  built  in  1813,  and  was  presented  by  Louisa  Lee  Schuyler. 

The  drawing  of  the  Fulton  is  reproduced  on  a  bronze  tablet  made  in  connection 
with  the  Fulton  monument  erected  by  the  Society  over  Fulton's  grave  in  Trinity 
churchyard.     The  tablet  also  gives  a  short  description  of  the  Clermont. 

Henry  Harrison  Suplee,  member  of  the  Committee  on  Society  History,  has 


SOCIETY    AFFAIRS  7 

presented  a  photograph  of  a  letter  by  Fulton  describing  his  experimental  boat  on 
the  Seine,  with  copies  of  other  letters  by  Fulton  and  his  friends. 

A  Hudson  River  Guide,  published  in  1S50,  loaned  by  H.  J.  Gelien,  describes 
the  various  points  of  interest  on  the  Hudson  and  gives  the  time  of  sailing  of  the 
Hudson  River  boats  of  that  period. 

An  oil  portrait  of  James  Watt,  presented  by  past  members  of  the  Council,  a 
copy  of  a  portrait  by  deBreda,  now  in  the  possession  of  John  Scott  of  Hawkhill, 
Greenock. 

An  oil  portrait  of  Capt.  John  Ericsson,  painted  by  Ballin  of  Stockholm,  shows 
the  designer  of  the  Monitor  at  the  age  of  59.  A  bust  of  Ericsson,  by  Kneeland, 
was  presented  to  the  Society  by  James  Mapes  Dodge,  Past-President,  Am.Soc.M.E. 

A  solid  silver  model  of  the  Half  Moon  has  been  loaned  by  Tiffany  &  Co. 

Model  of  the  Monitor  presented  by  Thomas  F.  Rowland  who  built  the  Monitor 
at  the  Continental  Iron  Works. 

Models,  exhibited  by  Ericsson  at  the  Centennial  Exposition,  loaned  by  the 
United  Engineering  Society. 

Early  books  on  steam  navigation,  from  the  Library  of  the  Society. 

Copy  of  a  letter  from  Fulton  to  Boulton  &  Watt  in  1810,  ordering  an  engine  for 
another  boat. 

Copy  of  letters  by  Fulton's  workmen. 

Drawings  showing  the  comparative  size  of  the  White  Star  S.S.  Olympic,  Cler- 
mont and  Half  Moon;  of  New  York's  early  water  works,  corner  of  Centre  and 
Reade  Streets;  a  water  works  note  issue  in  1774;  all  loaned  by  Daniel  Arthur. 

Color  print  of  the  Half  Moon. 

Fac-simile  of  Rules  and  Regulations  for  passengers  in  the  Clermont. 

Sketch  of  James  Watt  discovering  the  condensation  of  steam. 

Photographs  of  a  letter  written  by  Fulton  to  Boulton  &  Watt,  describing  the 
Clermont  and  ordering  an  engine  for  another  steamboat.  Presented  by  the 
Smithsonian  Institution. 

A  print  of  the  original  oil  painting  by  W.  F.  Halsall  of  the  battle  between  the 
Monitor  and  the  Merrimac  in  the  collection  of  the  late  Thomas  Fitch  Rowland, 
the  builder  of  the  Monitor. 

Bills,  receipts,  etc.,  written  by  John  Fitch;  stock  certificate  issued  by  John 
Rumsy;  copy  of  New  York  Herald  of  IS  15  containing  items  of  steamboats; 
copy  of  Washington  Gazette  of  1821  attacking  Fulton;  all  loaned  by  Dr.  C.  S. 
Bullock,  of  Stratford,  Conn. 

DECORATION  OF  THE  FULTON  MONUMENT 

On  the  morning  of  September  24,  in  the  presence  of  officers  and 
members  of  The  American  Society  of  Mechanical  Engineers  and  of  the 
Pennsylvania  Society,  wreaths  were  placed  on  the  Fulton  monument 
erected  in  1901  by  this  Society  in  Trinity  churchyard,  New  York. 
The  Society  was  represented  by  Jesse  M.  Smith,  President,  and  Calvin 
W.  Rice,  Secretary.  The  Pennsylvania  Society  was  represented  by 
Robert  Mazet,  Vice-President,  and  Barr  Ferree,  Secretary.  J.  M. 
Schroeder,  commissioner  from  Pennsylvania,  was  also  present. 
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Members  of  both  societies  assembled  in  the  lobby  of  the  church 
and,  preceded  by  Dr.  Manning,  rector  of  Trinity  Church,  marched 
to  the  Fulton  Monument.  Dr.  Manning  offered  prayer  in  part,  as 
follows : 

Almighty  God,  Who  givest  breath  to  every  living  thing,  and  of  whose  power 
it  is  that  peoples,  nations  and  kindreds  of  men  stretch  forth  the  curtains  of 
their  habitations,  we  give  Thee  thanks  for  the  patience  and  genius  with  which 
Thou  has  endowed  men  that  they  might  bring  into  subjection  the  mighty  forces 
of  the  universe,  and  fulfill  Thy  command  to  subdue  and  replenish  the  earth.  We 
thank  Thee  tlus  day  especially  for  these  services,  to  us  and  to  all  people,  of  that  one 
whose  faithfulness  and  whose  gifts  of  knowledge  opened  the  way  for  our  ships  to 
traverse  the  great  waters,  and  whose  prayer  it  was  that  "  the  liberty  of  the  seas 
might  be  the  happiness  of  the  earth." 

r.  Bless  tliis  land  of  promise  with  honorable  industry,  sound  learning  and  pure 
manners;  fashion  into  one  happy  people  the  multitude  brought  hither  out  of 
many  kindreds  and  tongues;  indue  with  the  spirit  of  wisdom  those  whom  we 
intrust  in  Thy  name  with  the  authority  of  governance,  that  all  things  may  be  so 
ordered  and  settled  by  their  endeavors  upon  the  best  and  surest  foundations,  that 
peace  and  happiness,  truth  and  justice,  religion  and  piety,  may  be  established 
among  us  for  all  generations.  And  hasten  the  time,  we  pray  Thee,  when  all 
peoples  of  the  earth  shall  dwell  together  in  righteousness  and  peace,  and  war  shall 
be  no  more. 

All  of  which  we  ask  in  the  name  of  Jesus  Christ,  our  most  blessed  Lord  and 
Saviour.     Amen. 

The  wreaths  were  then  placed  on  the  monument  and  the  Lord's 
Prayer  was  recited,  foll'owed  by  the  benediction.  "Taps"  sounded 
by  a  Seventh  Regiment  bugler  brought  the  exercises  to  a  close. 


GENERAL  NOTES 


GIFT   TO    THE    LIBRARY 


The  Western  Electric  Company  has  presented  its  valuable  patent 
specification  library  to  the  library  of  the  Anrerican  Institute  of  Elec- 
trical Engineers.  This  gift,  which  constitutes  the  largest  acces- 
sion since  the  original  creation  of  the  library,  will  be  added  to  the 
rich  collection  of  technical  literature  housed  in  the  Engineering 
Societies'  Building. 

The  library  consists  of  461  leather-bound  volumes  containing 
approximately  100,000  specifications  collected  at  a  cost  of  over  $4000. 
These  specifications  begin  with  May  30,  1871,  and  run  to  Decem- 
ber, 1908,  thus  covering  the  entire  period  of  activity  which  includes 
the  telephone,  the  electric  light,  electric  railways  and  the  electric 
motor.  From  May  30,  1871,  up  to  the  last  day  of  1887  the  volumes 
are  complete,  and  certified  as  containing  all  the  specifications  issued 
by  the  U.  S.  Patent  Department.  From  July,  1887  to  December  1, 
1908,  the  volumes  contain  all  the  electrical  specifications,  which  are 
not  certified. 

Mr.  Edward  Caldwell,  chairman  of  the  library  committee  of  the 
Institute,  has  already  taken  in  hand  the  proper  installation  of  the 
books,  that  engineers  may  derive  the  greatest  possible  benefit  from 
them,  and  has  also  taken  measures  to  complete  the  set  to  date. 
This  splendid  contribution  will  doubtless  prove  one  of  the  most  valu- 
able accessions  possible,  from  the  standpoint  of  practical  utility,  and 
will  be  likely  to  stimulate  further  generosity.  It  is  a  most  fortunate 
coincidence  that  the  Institute  had  already  been  presented  with  a  set 
of  specifications  antedating  the  period  included  in  this  gift. 

AVIATION    WEEK    AT    RHEIMS 

August  22  to  29  an  aeronautic  meet  was  held  on  the  B^th^ny  Plain, 
at  Rheims,  France,  which  has  indicated  unexpected  progress  in  the 
science.  In  spite  of  some  unfavorable  weather  conditions  there  was 
no  fatal  accident.  There  were  38  entries  to  the  various  contests, 
in  which  biplanes  and  monoplanes  were  about  equally  represented, 
the  principal  types  being  the  Wright,  the  Voisin  cellular,  the   Far- 
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man  and  the  Curtiss  biplane;  and  the  Antoinette,  the  Bleriot  and  the 
Pelterie  monoplane.  In  the  competitions  the  biplanes  showed 
themselves  slightly  superior,  especially  in  regard  to  endurance,  and 
the  bicycle  tyjje  of  air-cooled  motor  outdid  the  motor-car  water-cooled 
type  of  engine.  In  general,  the  heavier-than-air  machine  far  sur- 
passed the  dirigible. 

The  principal  contests  were  for  the  longest  uninterrupted  flight, 
the  swiftest  flight  over  outlined  courses,  passenger-carrying  contests, 
and  an  altitude-contest.     Prizes  were  offered  to  the  value  of  $40,000. 

The  speed-contest  for  the  Bennett  International  Aviation  Trophy 
was  won  by  G.  H.  Curtiss,  representing  the  Aero  Club  of  Ameiica. 
Mr.  Curtiss  ran  his60-hp.  biplane  the  12.5  miles  (twice  around  the 
course,  in  15  min.  50f  sec.  Mr.  Curtiss  also  won  the  longer  speed-race 
of  18.6  miles,  in  23  min.  29  sec;  and  in  a  dash  once  around  made 
6.2  miles  in  7  min.  48f  sec,  M.  Bleriot  winning  this  event  in  7  min.  47| 
sec. 

The  distance  contest  for  the  Grand  Prix  de  la  Champagne  et  de  la 
Ville  de  Rheims  was  won  on  August  27  by  M.  H.  Farman  in  a  biplane 
of  his  own  type  fitted  with  50-h.p.  Gnome  revolving-cylinder  motor 
and  Bosch  magneto-ignition.  The  condition  of  the  flight  was  only 
31  miles;  Mr.  Farman  covered  over  118  miles,  in  3  hr.  15  min. 

Mr.  Farman  also  won  the  passenger-carrying  contest,  carrying  at 
one  time  two  passengers  and  making  best  speed  record  with  one! 

The  winning  machine  in  the  height-competition,  driven  by  Latham, 
reached  a  height  of  508.5  ft.  35,400  ft.  has,  however,  been  reached  by 
a  manned  balloon,  carrying  the  German  aeronauts  Berson  and  Suer- 
ing,  who  were  unconscious  at  their  highest  point  of  flight. 

FIRST    TRIENNIAL    PAN-AMERICAN    SCIENTIFIC    CONGRESS. 

The  report  to  Congress  of  the  delegates  of  the  United  States  to  the 
First  Triennial  Pan-American  (Fourth  Latin-American)  Scientific 
Congress,  held  at  Santiago,  Chile,  December  25,  1908,  to  January  5, 
1909,  makes  formal  acknowledgment  of  special  obligation  to  Calvin 
W.  Rice,  Secretary  Am.SocM.E.,  for  assistance  to  the  delegation  of 
the  United  States  in  securing  papers  for  the  engineering  section. 

Regret  is  expressed  by  the  delegates  that  no  engineer  from  the 
United  States  was  present  as  a  delegate,  at  the  sessions  of  the  section. 
Special  mention  is  made  of  valuable  papers  by  William  H.  Burr, 
Mem. Am.SocM.E.,  Mem.Am.SocC.E.  on  Reinforced  Concrete  Con- 
struction;  W.  J.  Wilgus,  Mem.Am.SocC.E.,    on    Inter-Continental 
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Railways,  and  Frank  J.  Sprague,  Mem.Am.Soc.C.E.,  Member  and 
Past-President  A.I.E.E.,  on  The^Application  of  Electricity  to  Kail- 
ways.  Other  papers  contril^utod  through  the  Society  were  listed  in 
Tlic  Journal  for  November  1908,  page  19. 

Keconnncmlatii)ns  and  resolutions  were  udo])ted  by  the  section  as 
follows : 

The  speedy  completion  of  the  Pan-American  Railroad. 

That  the  economical  use  of  water  be  given  special  attention  in  the 
countries  of  America;  for  the  purpose  of  executing  systematic  irri na- 
tion works  and  also  to  stimulate  united  action  on  the  part  of  those 
dependent  on  irrigation  for  the  use  of  their  lands,  that  every  effort 
be  made  to  stimulate  the  spirit  of  solidarity  in  order  that  such  irrio-a- 
tion  works  may  be  carried  out. 

That  it  is  highly  important  that  pubhc  water-supply  systems  be 
estabhshed  in  the  largest  possible  number  of  commimities. 

That  at  the  next  scientific  congress  the  committee  on  organization 
submit  a  larger  number  of  topics  relating  to  irrigation;  that  the  dele- 
gates submit  the  laws  and  regulations,  and  present  papers  relatino- 
to  the  use  of  water  in  their  countries,  the  irrigation  systems  in  use 
and  those  in  course  of  construction,  and  under  consideration. 

Topics  for  a  special  international  conference  were  further  suggested 
as  follows:  Type  of  building  hi  countries  subject  to  earthquakes;  type 
of  construction  best  adapted  for  piers  and  quays  when  the  rivers  are 
of  great  depth  and  swift  current;  preservation  of  native  engineerino- 
terms. 

The  next  Congress  will  bo  held  in  Washington,  D.  C,  in  1912.  A 
provisional  committee  to  take  th(>  necessary  steps  for  the  formation 
of  a  permanent  organization  committee  in  the  United  States  was 
appointed  as  follows:  Dr.  L.  S.  Rowe,  Chairman,  the  director  of  the 
Bureau  of  the  American  Republics,  the  Commissioner  of  Education 
of  the  United  States,  William  H.  Holmes  of  the  Smithsonian  Institu- 
tion, Ceorge  M.  Rommel  of  the  Department  of  Agriculture.  Dr. 
Enrique  Ribeyro  de  Lisboa,  of  Brazil,  was  elected  president  of  the 
Congress,  to  serve  three  years. 


OTHER  SOCIETIES 

INTERNATIONAL  CONGRESS  ON  TESTING  MATERIALS. 

The  International  Congress  on  Testing  Materials  was  in  session  at 
the  University  buildings,  Copenhagen,  Denmark,  during  the  week 
of  September  10.  The  meeting  was  opened  by  Alexander  Foss, 
president  of  the  association.  An  important  paper  was  presented  by 
Paul  Larsen,  on  The  Development  of  the  Danish  Cement  Industry. 
Papers  were  read  in  French,  German  and  English.  The  next  meet- 
ing will  be  held  in  New  York,  in  1912.  Chas.  B.  Dudley,  Mem. Am. 
Soc.M.E.,  was  elected  president  of  the  International  Association.  Dr. 
Dudley  was  the  representative  of  the  United  States  at  the  Congress. 


AMERICAN    MINING    CONGRESS 

The  twelfth  annual  session  of  the  American  Mining  Congress  is  now 
being  held  at  Goldfield,  Nov.,  September  27-October  2.  Prof. 
Joseph  A.  Holmes,  of  Washington,  D.  C,  has  been  appointed  Honor- 
aiy  Vice-President,  to  represent  the  Society  at  the  Congress. 

During  the  year  several  committees  have  been  at  work  conduct- 
ing investigations,  reports  of  which  will  be  made  by  the  Chairmen 
as  follows:  Committee  on  Vertical  Side-Line  Law,  Geo.  W.  Riter; 
Coal  Tax  Insurance  Fund,  Samuel  A.  Taylor;  General  Revision  of 
Mining  Laws,  Walter  R.  Ingalls;  Standardization  of  Electrical  Equip- 
ment, Dr.  Edward  B.  Rosa;  Prevention  of  Mine  Accidents,  H.  Foster 
Bain;  National  Forest  Service,  Col.  A.  G.  Brownlee;  Alaskan  Mining 
Laws,  J.  L.  Steele.  The  question  of  bringing  about  a  greater  use 
of  silver,  and  decreasing  the  rate  of  exchange  with  countries  using 
a  silver  standard,  will  be  discussed,  and  Moreton  Frewen,  of  London, 
James  J.  Hill  and  John  Hays  Hammond,  have  been  invited  to  speak 
on  this  subject. 

The  State  of  Nevada  has  appropriated  $5000  to  pay  the  expense  of 
collecting  and  classifying  a  comprehensive  display  of  the  state's 
mineral  at  Goldfield. 
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AMERICAN   INSTITUTE   OF  MINING   ENGINEERS 

The  ninety-seventh  meeting  of  the  American  Institute  of  Mining 
Engineers  for  the  reading  and  discussion  of  papers  was  held  at  Spo- 
kane, Wash.,  beginning  September  27,  1909.  There  was  much  of 
professional  interest  in  the  excursions  connected  with  the  meeting, 
which  included  visits  to  the  great  copper  plants  at  Butte  and  Ana- 
conda, the  mining  and  metallurgical  operations  in  the  Coeur  d'Alene 
district  and  in  the  vicinity  of  Salt  Lake,  the  mining  exhibits  at  the 
Alaska-Yukon-Pacifiic  Exposition  in  Seattle,  the  Tacoma  smelter, 
the  steel  plant  and  lead  smelter  at  Pueblo,  Colo.,  and  a  special  excur- 
sion into  Yellowstone  Park. 

Among  the  papers  presented  at  the  meeting  were  Modern  Progress 
in  Mining  and  Metallurgy  in  the  Western  United  States;  (Presidential 
Address),  by  D.  W.  Brunton,  Denver,  Colo.;  The  Influence  of  Bismuth 
on  Wire-Bar  Copper,  by  H.  N.  Lawrie,  Portland,  Ore.;  Dust  Explo- 
sions in  Coal-Mines,  by  F.  Bache,  Ft.  Worth,  Ark.;  The  Formation 
and  Enrichment  of  Ore-Bearing  Veins,  by  George  J.  Bancroft,  Denver, 
Colo. ;  The  Assay  and  Valuation  of  Gold  Bullion,  by  Frederic  P.  Dewey, 
Washington,  D.  C;  Protective  Value  of  Humidity  in  Dusty  or  Gas- 
eous Coal-Mines,  by  James  Ash  worth,  Congleton,  England;  An 
Adjustable  Pyrometer  Stand,  by  L.  W.  Bahney,  Palo  Alto,  Cal.;  The 
Ruble  Hydraulic  Elevator,  by  J.  McD.  Porter,  Spokane,  Wash.; 
Cyaniding  Slime,  by  Mark  R.  Lamb,  Milwaukee,  Wis.;  The  Filing 
of  Assay  Samples  for  Use  in  Technical  Laboratories,  by  Louis  D. 
Huntoon,  New  Haven,  Conn. ;  Barite  Industry  of  the  United  States, 
by  A.  A.  Steel,  Fayetteville,  Ark.  There  were  also  discussions  on 
papers  previously  presented. 

ILLUMINATING    ENGINEERING    SOCIETY 

The  sessions  of  the  third  annual  convention  of  the  Society  of 
Illuminating  Engineers  were  held  September  27-29  in  the  auditorium 
of  the  Engineering  Societies'  Building,  29  West  39th  St.  A  historical 
and  educational  exhibit  was  also  held  at  5  West  39th  Street,  with 
exhibits  arranged  by  manufacturers  of  the  commercial  types  of 
electric  and  gas  lamps  and  accessories,  showing  the  latest  develop- 
ments in  the  production  and  utilization  of  light.  Plans  were  made 
to  include  the  Hudson-Fulton  celebration  then  in  progress,  omitting 
professional  'sessions  on  Tuesday,  and  holding  an  evening  recep- 
tion at  the  Machinery  Club,  at  the  top  of  the  Hudson  Terminal  Build- 
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ing,  from  which  an  extended  view  of  the  spectacular  iUumination 
was  afforded. 

Important  reports  presented  at  the  professional  sessions  were  that 
of  the  committee  on  nomenclature  and  standards,  Dr.  Alex.  C.  Hum- 
phreys, Manager  Am.Soc.M.E.,  Chairman;  the  sub-committee  on 
units  of  flux.  Dr.  Clayton  H.  Sharp,  Chairman;  Papers:  The  Ethics 
of  Illuminating  Engineering,  by  E.  L.  Elliott;  The  Progress  of  Illumi- 
nating Engineering  in  Europe,  by  W.  T.  Owens;  Notes  on  Chemical 
Luminescence  of  Rare  Earths,  by  Dr.  Angelo  Simonini;  The  Light 
of  the  Fire-fly,  by  Dr.  H.  E.  Ives  and  Dr.  W.  W.  Coblentz;  The 
Principles  of  Shades  and  Reflectors,  by  Dr.  Louis  Bell;  Standard 
Relations  of  Light  Distribution,  by  A.  J.  Sweet;  Tests  of  Moore  Tube 
Instaflation,  New  York  Post  Office,  by  Dr.  E.  P.  Hyde  and  J.  E. 
Woodwell,  Mem. Am.Soc.M.E.  On  Tuesday  evening  a  lecture  was 
delivered  by  Dr.  Charles  P.  Steinmetz,  Mem. Am.Soc.M.E.,  on  The 
Physiological  Effects  of  Radiation. 

ASSOCIATION    OF    EDISON    ILLUMINATING    COMPANIES 

The  twenty-fifth  annual  meeting  of  the  Association  of  Edison 
Illuminating  Companies  was  held  at  Briarcliff  Manor,  N.  Y.,  August 
31  to  September  2,  1909.  Reports  were  received  at  this  time  from 
a  number  of  committees,  including  that  of  the  Committee  on  Meters, 
presented  by  Joseph  W.  Cowles,  Chairman;  the  Committee  on 
Incandescent  Lamps,  John  W.  Lieb,  Jr.,  Mem.Am.Soc.M.E.,  Chair- 
man; the  Committee  on  National  Code,  Wm.  C.  L.  Egiin,  Chairman; 
the  Committee  on  Steam  Turbines,  Alex  Dow,  Mem.Am.Soc.M.E., 
Chairman;  and  the  Committee  on  Electric  Heating  and  Kindred 
Uses  of  Electricity,  John  F.  Gilchrist,  Chairman.  Papers  were  also 
presented  on  Prepayment  Meters,  by  F.  G.  Vaughan;  New  Low-Pres- 
sure  Turbine  Installations,  by  W.  L.  R.  Emmet,  Mem.Am.Soc.M.E 
Gas  Power,  by  I.  E.  Moultrop,  Manager  Am.Soc.M.E.;  Standard 
Colors  for  Power  Station  Piping,  by  J.  P.  Sparrow,  Mem.Am.Soc.M.E. 
Special  Illumination  Features  of  the  Hudson-Fulton  Celebration 
by  Arthur  Williams;  A  Neglected  Phase  of  the  Insurance  Question 
by  Caryl  D.  Haskins,  Mem.Am.Soc.M.E.;  and  Rotaries  vs.  Motoi 
Generator  Sets  for  Central  Station  Service,  by  C.  W.  Stone,  Mem.  Am. 
Soc.M.E. 

The  sessions  closed  with  a  dinner  to  Thos,  A.  Edison,  Hon.  Mem. 
Am.Soc.M.E, 
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NEW    ENGLAND    WATER    WORKS    ASSOCIATION 

The  annual  convention  of  the  New  England  Water  Works  Associa- 
tion was  held  in  New  York  September  8  to  10.  The  time  of  the 
convention  was  well  divided  between  presentation  and  discussion  of 
papers,  excursions  and  general  sociability.  Four  or  five  papers 
and  several  committee  reports  were  presented  at  the  business 
sessions.  The  excursion  feature  of  the  convention  was  a  trip  Sep- 
tember 10,  to  the  Ashokan  Dam,  where  the  new  Catskill  water  supply 
for  New  York  City  is  being  developed. 

At  the  opening  session,  Wm.  W.  Brush,  Engineer  of  Distribution  of 
the  Water  Works  of  New  York  City,  presented  an  address  outlining 
the  water  supply  system  of  greater  New  York. 

NOVA   SCOTIA    SOCIETY    OF    ENGINEERS 

The  third  annual  meeting  of  the  Nova  Scotia  Society  of  Engineers 
was  held  September  10,  at  New  Glasgow.  The  papers  presented  for 
discussion  were :  Some  Memoranda  on  Land  Surveying  in  Nova  Scotia, 
by  R.  R.  McKenzie;  Forest  Conservation,  by  Professor  Sexton;  For- 
est Preservation,  by  C.  M.  O'Dell;  The  Relation  of  Forests  to 
Stream  Flow,  by  D.  McD.  Campbell;  The  Timber  Assets  of  Nova 
Scotia,  by  A.  R.  McClean. 

Officers  were  elected  for  1909  as  follows:  President,  S.  Fenn; 
Vice-Presidents,  J.  A.  Stairs,  J.  W.  McKenzie;  Secretary,  J.  Lome 
Allan;  Council,  Prof.  R.  R.  Keeley,  Mem.Am.Soc.M.E.,  A.  R.  McClean, 
H.  C.  Burchell,  D.  McD.  Campbell,  J.  G.  McKenzie,  A.  G.  Robb, 
Mem.Am.Soc.M.E.,  C.  M.  Archibald,  W.  G.  Yorston. 

BRITISH    ASSOCIATION    FOR   THE    ADVANCEMENT    OF    SCIENCE 

The  British  Association  for  the  Advancement  of  Science  held 
its  annual  meeting  at  the  University  of  Manitoba,  Winnipeg,  Man., 
during  the  week  beginning  August  25.  Sir  William  H.  White, 
Hon. Mem.Am.Soc.M.E.,  delivered  the  presidential  address  before 
the  Engineering  Section  of  the  Association,  which  held  five  sessions. 

Among  the  papers  presented  were:  Hydroplanes  or  Skimmers,  by 
Sir  John  Thornycroft;  The  City  Hydro-Electric  Plant,  by  C.B.Smith; 
Improvements  in  the  Navigation  of  the  St.  Lawrence,  by  Lt-Col.  W.  P. 
Anderson;  The  St.  Lawrence  River,  the  Great  Imperial  Highway  of 
Canadian  Transportation,  by  Maj.  G.  W.  Stephens;  Engineering  and 
Construction  Features  of  the  Panama  Canal,  by  Col,  G,  W.  Goethals; 
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The  National  Transcontinental  Railway,  by  Duncan  McPherson; 
Two  Great  Engineering  Works  on  the  Canadian  Pacific  Railway, 
by  J.  E.  Schwitzer;  Development  and  Future  Possibilities  of  the 
Grain  Industry  of  Western  Canada,  by  G.  Harcourt;  Grain  Handing, 
by  W.  B.  Lannigan.  Prof.  J.  B.  Porter  of  McGill  University  made  a 
preliminary  informal  report  of  the  fuel  tests  being  carried  out  by  him 
for  the  Dominion  Government. 

The  afternoons  were  chiefly  occupied  by  excursions  of  engineering 
interest,  among  them  to  the  yards  and  shops  of  the  Canadian  Pacific 
and  Canadian  Northern  Railways,  the  high-pressure  fire-service  pump- 
ing plant,  the  municipal  hydro-electric  plant  and  St.  Andrews  lock 
on  the  Red  River,  etc.  The  evenings  were  devoted  to  popular  lec- 
tures and  social  functions.  The  meetings  were  attended  by  six 
hundred  delegates,  including  many  from  the  United  States. 

THE  INSTITUTION    OF   MECHANICAL   ENGINEERS 

The  summer  meeting  of  the  Institution  of  Mechanical  Engineers 
was  held  at  Liverpool  July  27  to  29,  with  an  unusually  large  atten- 
dance. At  the  professional  sessions  the  following  papers  were  pre- 
sented: Locomotives  Designed  and  Built  at  Horwich,  by  G.  Hughes; 
Reinforced  Concrete,  A.  O,  Auden;  Advance  of  Marine  Engineering,  A. 
J.  Macginnis;  Electrical  Operation  of  Textile  Factories,  H.  W.  Wilson; 
Indicating  Gas  Engines,  Prof.  F.  W.  Burshall. 

Very  enjoyable  social  features  were  provided  and  also  engineer- 
ing excursions,  including  trips  to  the  Liverpool  Electricity  Works, 
shipyards  and  docks,  the  University  laboratories,  the  Liverpool  & 
Southport  Electric  Railway,  Mersey  Railway  power  house,  and  pump- 
ing station,  the  Horwich  Locomotive  Works,  a  Cunard  liner,  soap  and 
match  factories,  a  refrigerating  plant,  etc. 


FULTON  AS  AN  ENGINEER 

Just  now  the  popular  conception  of  Fulton  is  as  the  man  who 
invented  steam  navigation.  To  apply  that  title  to  him,  however,  is 
perhaps  not  to  give  sufficient  credit  to  the  work  of  previous  investi- 
gators, from  whose  efforts  Fulton  obtained  much  of  the  knowledge 
applied  in  his  own  experiments.  The  achievement,  therefore,  for 
which  he  may  be  honored  is  the  first  successful  commercial  application 
of  steam  power  to  navigation  on  the  Hudson  River. 

To  think  of  him  only  in  connection  with  the  Clermont,  however, 
is  to  lose  sight  of  his  versatiHty.  Not  only  did  he  possess  considerable 
talent  as  an  artist,  as  evidenced  by  his  oil  paintings  and  drawings, 
but  he  also  achieved  distinction  as  a  civil  engineer  in  the  design  and 
construction  of  canal  aqueducts  and  bridges,  as  an  ordnance  expert 
by  his  invention  of  torpedoes  and  as  a  naval  engineer  by  his  sub- 
marine work  and  the  building  of  the  first  steam  frigate. 

His  mechanical  tastes,  we  are  told,  first  appeared  when  as  a  boy 
of  eight  or  nine  he  frequented  the  shops  of  mechanics,  displaying 
such  aptitude  that  he  was  allowed  to  help  the  apprentices  and  was 
always  a  welcome  visitor.  Hardly  less  marked  was  his  ability  to 
sketch  readily  the  machines  that  drew  his  attention.  The  founda- 
tion of  his  future  work  with  torpedoes  was  doubtless  laid,  when  at 
fourteen  he  fairly  haunted  the  shop  of  Messrssmith  &  Fenno,  gun- 
smiths, in  his  home  town.  His  biographer  Reigart  says  that  about 
this  time  the  hard  work  of  poling  a  boat  home  from  a  fishing  trip  sug- 
gested to  Fulton  the  construction  of  paddle-wheels  to  propel  the 
boat.  The  paddles  were  made  detachable  so  that  they  could  be  hid 
in  the  bushes  at  the  end  of  each  trip;  ''and  thus  did  they  enjoy  very 
many  fishing  excursions. " 

Though  of  so  pronounced  a  mechanical  bent,  Fulton  discovered 
such  talent  as  an  artist  that  at  twenty-two  he  decided  to  become  a 
pupil  of  Benjamin  West  in  London.  In  1797  he  was  invited  to  live 
with  Joel  Barlow  in  Paris  and  for  seven  years  was  as  one  of  the  family. 
During  the  time  of  his  art  studies,  however,  his  mind  had  been 
occupied  with  mechanical  things  also.  The  first  patent  granted  him, 
of  which  we  have  any  knowledge,  was  in  1794  for  a  mill  for  sawing 
marble.     Three  years  later  he  designed  the  first  panorama  exhibited 
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in  Paris.  It  is  said  that  at  about  this  time  Fulton  sketched  on  the 
wall  of  his  room  the  plan  of  a  steamboat,  which  he  called  "  the  image 
of  what  will  yet  traverse  the  river  and  oc(^an." 

In  1797  he  also  imciited  and  patented  a  doul)le  inclined  ])lane  for 
canals,  wiiich  was  followed  by  a  series  of  similar  inventions  for  bringing 
canal  boats  from  a  higher  to  a  lower  level  or  the  reverse,  a  machine  for 
spinning  flax,  one  for  rope  making,  an  excavating  machine  for  canal 
work,  an  air  gun,  a  cable  cutter,  torpedoes  made  of  copper  cylinders 
containing  about  100  lb.  of  powder  and  set  off  by  a  gun-lock  operated 
by  clockwork,  and  a  submarine  boat,  the  Nautilus. 

Damage  by  flood  to  an  aqueduct  over  which  passed  the  Shrews- 
bury Canal  in  England,  led  Fulton  to  design  a  cast-iron  sectional 
aqueduct,  which  was  l^uilt  for  crossing  the  Dee  River  at  Pontcysyltee, 
about  twenty-three  miles  southwest  of  Chester,  in  Scotland.  Cast- 
iron  bridges  were  also  built  after  Fulton's  design  in  Wandsworth. 
England,  and  at  several  other  places  on  the  Surrey  Railway.  In 
1S07,  Fulton  was  invited  by  Secretary-of-War  Dearborn  to  make 
the  surveys  for  a  canal  from  Lake  Pontchartrain  to  the  Mississippi, 
but  declined  because  of  his  time  being  occupied  with  torpedo  experi- 
ments and  the  building  of  the  Clermont.  In  1810,  he  was  appointed 
by  the  New  York  Legislature  as  one  of  the  commissioners  to  explore 
the  route  of  a  canal  between  the  Hudson  River  and  Lakes  Ontario 
and  Erie. 

His  experiments  with  torpedc>es  and  submarines  in  France  appear 
to  have  filled  the  British  mind  with  alarm.  He  was  invited  by  the 
British  Ministry  to  London  and  in  1814  prepared  to  demonstrate  the 
destructive  power  of  his  invention  on  the  French  flotilla  lying  at 
Boulogne.  The  torpedoes  exploded  without  doing  any  damage, 
however,  due,  as  believed  by  Fulton,  to  the  fact  that  they  were  hung 
perpendicularly  by  the  side  of  the  vessel  whereas  they  should  have 
been  so  arranged  that  the  current  would  sweep  them  under  the  vessel's 
bottom.  He  afterward  made  changes  to  obtain  this  result,  and  in 
October  1805,  a  vessel  prepared  for  the  test  was  blown  up  in  Walmar 
Roads,  near  Deal.  He  repeated  this  performance  in  New  York 
harbor,  shortly  before  the  Clermont's  first  trip,  using  a  brig's  hulk  for 
his  demonstration. 

In  March  1810  Congress  appropriated  $5000  for  experiments  with 
Fulton's  torpedoes,  the  sloop-of-war  Argus  being  prepared  for  the 
tests.  A  strong  netting  was  suspended  from  her  sprit-sailyard  and 
anchored  at  the  bottom;  the  vessel  was  surrounded  by  spars  lashed 
together;  she  had  grappling  irons  and  heavy  pieces  of  iron  suspended 
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from  the  rigging  to  drop  on  anything  approaching;  swords  or  scythes 
were  fastened  to  long  spars  moving  like  sweeps,  to  mow  off  the  heads 
of  any  who  came  near.  Against  this  armor  Fulton's  torpedo  was, 
of  course,  powerless,  but  it  was  admitted  that  any  invention  which 
would  oblige  a  hostile  vessel  so  to  guard  herself  was  of  great  import- 
ance in  a  system  of  defence.  At  this  time  Fulton  tried  out  a  harpoon 
and  a  cable  cutter,  both  operated  by  the  explosion  of  powder,  and  he 
later  made  experiments  in  the  firing  of  cannon  under  water. 

His  initial  plunge  in  a  submarine  was  in  the  harbor  of  Brest  in  1801. 
With  three  companions,  Fulton  went  25  ft.  below  the  surface,  remain- 
ing for  an  hour.  The  boat  is  described  as  being  fitted  with  a  mast 
and  sail,  which  could  be  struck  in  about  two  minutes.  Hand  power 
was  used  for  working  some  form  of  propeller.  After  the  first  trial, 
a  cylinder  of  compressed  air  was  used  to  freshen  the  vitiated  air  while 
the  boat  was  submerged.  A  small  glass  window  admitted  enough 
light  for  movements  to  be  directed.  It  appears  that  Fulton  did  not 
again  take  up  work  in  this  line  until  shortly  before  his  death  in  1815. 
A  model  of  an  improved  boat  was  approved  by  Congress  and  work 
on  the  boat  begun,  but  Fulton  died  before  the  hull  was  entirely 
finished. 

Fulton's  first  experimental  steamboat  was  tried  on  the  Seine  early 
in  1803.  Robert  R.  Livingston,  of  New  York,  then  United  States 
Minister  to  France  and  himself  a  close  student  of  the  possibilities  of 
steam  navigation,  had  become  interested  in  Fulton's  ideas  and  had 
offered  to  provide  funds  for  experiments.  These  proving  successful, 
a  contract  was  to  be  made  for  development  in  the  United  States. 
The  night  before  the  proposed  trip  of  this  boat,  however,  the  hull 
proved  too  weak  to  sustain  the  heavy  engine  and  boiler,  and  broke  in 
two.  The  engine  and  boiler  were  raised  and  an  almost  entirely  new 
boat  built,  measuring  66  ft.  long  and  8  ft.  wide.  The  trial  of  this 
boat  was  satisfactory  though  her  slow  speed  was  somewhat  dis- 
appointing to  Fulton.  Arrangements  were  then  made  to  build  a 
larger  vessel  in  the  United  States,  but  owing  to  the  lack  of  engine- 
building  facilities  in  that  country  and  in  France,  the  engine  was 
ordered  from  Boulton  and  Watt. 

Fulton  evidently  went  into  the  matter  broadly  and  considered 
not  only  the  propelling  machinery  but  also  the  best  form  of  hull  for 
the  desired  results.  In  his  patent  specifications  he  writes:  "The 
successful  construction  of  steamboats  depends  on  these  parts  (shape 
of  bow  and  stern,  draft,  velocity,  friction,  total  resistance,  and  power 
of  the  engine  to  give  the  necessary  velocity)  being  well  proportioned, 
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whether  wheels  or  other  propellers  be  used,  with  the  right  pro- 
portion of  the  parts  above  mentioned,  steamboats  may  be  navigated 
by  the  propelhng  power  of  wheels,  endless  chains  or  paddles,  but 
without  the  proportions  which  shall  hereafter  be  explained,  they 
cannot  be  successfully  navigated,  with  cither  wheels,  endless  chains, 
paddles,  or  any  other  mode  of  taking  the  purchase  on  the  water. " 
In  his  calculations  Fulton  used  data  obtained  by  Col.  Mark  Beau- 
foy  from  experiments  made  at  Greenland  Dock,  near  London.  In 
his  first  specifications  he  gives  the  following  figures  for  a  boat  to  run 
one  mile  an  hour  to  show  his  method  of  calculating  the  necessary 
power  for  different  rates  of  speed: 

Pounds 
The  plus  and  minus  pressure  of  1  ft.  0.88  lb.,  which  multiplied  by  36  ft., 

the  boat's  bow,  is 31 .  68 

Friction  on  848  feet  of  bow  and  stern,  at  0.70  lb.  for  50  sq.  ft.,  is 11 .  90 

Friction  on  2,200  sq.  ft.  of  the  body  of  the  boat  is 30. 80 

Total  resistance  of  the  boat 74 .  38 

A  like  power  for  the  propellers 74 .  38 

Total  power 148 .  76 

This  power  must  be  felt  at  propellers  repelling  water  one  mile  an  hour,  or  one 
foot  and  a  half  a  second,  which  is  one-fourth  slower  than  the  motion  of  the  piston; 
consequently  one-fourth  may  be  deducted  from  148.76,  leaving  111.57  the  power 
of  the  engine:  a  cyKnder  4  inches  diameter,  equals  16  round  inches,  and  8  lb. 
to  the  inch,  gives  128  lb.,  which  is  sufficient  power.  The  periphery  of  the  pro- 
peller wheels  must  run  two  miles  an  hour,  or  3  feet  a  second,  equal  to  180  feet  a 
minute.  If  IH  feet  diameter  34^  ft.  round,  5^  revolutions  in  a  minute  gives  181 
f  t. ;  the  engine  strikes  1 5  double  strokes  a  minute,  the  wheels  make  5}  revolutions  in  a 
minute;  this  is  a  proportion  of  near  3  to  1;  hence  the  first  mover  or  pinion  from 
the  engine  may  be  2  ft.  diameter,  the  wheel  on  the  water  wheel  shaft  6  ft.  diameter: 
the  total  resistance  of  the  boat  is  74.38  lb.;  one  square  foot  of  propellers  running 
1  mile  an  hour  is  3.25;  resistance  23  feet  will  give  74.75:  this  is  11^  ft.  in  each  pro- 
peller. 

In  his  second  specifications  Fulton  deals  more  specifically  w^ith 
the  calculations  for  the  Clermont.     He  writes  as  follows: 

My  first  steamboat  on  the  Hudson's  River  was  150  ft.  long,  13  feet  wide,  draw- 
ing 2  ft.  of  water,  bow  and  stern  60  deg. ;  she  displaced  36.40  cubic  ft.,  equal  100 
ton»  of  water;  her  bow  presented  26  ft.  to  the  water,  plus  and  minus  resistance 
of  1ft.;  running  4  miles  an  hour.  Pounds 

12.37  lb.  multiplied  by  26,  the  bow  of  the  boat 321 

Friction  on  2,380  superficial  feet  of  bottom  and  sides,  at  7.50  lb.  or  50 

superficial  feet 352 

Total  resistance  of  the  boat,  running  4  miles  an  hour 673 
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Pounds 
A  like  power  for  the  propellers 673 

Total  power  felt  at  the  propellers 1,346 

The  boat  running  4  miles  an  hour  is  6  feet  a  second;  this  is  3  times  faster 

than  the  piston;  hence,  multiplied  by 3 

Necessary  power  of  the  engine,  the  piston  running  2  ft.  a  second i.    4,038 

This  will  require  a  22-in.  cylinder  allowing  9  lb.  purchase  to  the  round  inch;  this 
engine  would  not  occupy  in  the  boat  more  space  than  in  the  small  one,  and  it  would 
not  weigh  2  tons  more  than  the  17-in.  cylinder;  hence,  say  weight  of  engine  22  tons, 
weight  of  boat  40  tons,  total  62  tons;  this  leaves  38  tons  for  passengers  or  mer- 
chandize, with  ample  space,  before  it  could  bring  her  down  to  2  ft.  in  the  water; 
but  drawing  not  more  than  18  in.  before  cargo  or  passengers  were  in,  and  her 
resistance  being  diminished  one-third,  the  above  power  would  drive  her  4^  miles 
an  hour.  The  two  preceding  examples  exliibit  in  a  clear  point  of  view  the  advan- 
tage to  be  gained  in  building  a  large  boat,  to  carry  a  large  and  powerful  engine. 

A  list  of  the  steam  vessels  built  by  Fulton  after  the  Clermont  is 
given  elsewhere  in  these  pages.  The  Vesuvius,  built  in  1814,  is  said 
to  have  played  an  important  part  in  the  battle  of  New  Orleans  as  a 
transport  for  troops  and  supplies. 

By  some  Fulton  is  accused  of  plagiarism.  It  is  true  that  he  used 
data  obtained  by  Mark  Beaufoy  in  experiments  made  in  England  on 
the  form  of  hulls.  It  also  may  be  true  that  Fulton  inspected  Sym- 
ington's boat  in  England  and  made  such  notes  and  observations  as 
enabled  him  to  build  his  boat  on  the  Seine.  But  Beaufoy  never 
applied  his  data  to  the  building  of  steam  vessels  and  Symington's 
boat  never  reached  the  stage  of  commercial  utility. 

It  is  interesting  to  note  Fulton's  own  view  of  his  work  in  his  patent 
of  February  11,  1809,  in  which  he  claims  to  be  "  the  first  who  had 
laid  down  rules  that  will  secure  success  in  building  such  boats  or 
vessels;  no  patent  or  publications  having  hitherto  appeared,  in  which 
exact  and  mathematical  principles  are  explained  to  guide  artizans 
to  success  in  works  of  this  kind. " 

He  says  further:  "The  development  of  these  principles  is  indis- 
pensable to  the  most  perfect  construction  of  steamboats;  it  is  owing 
to  a  want  of  accurate  knowledge  of  these  principles  that  the  essays 
on  steamboats,  which  have  been  made  in  different  countries  for  thirty 
years,  have  hitherto  failed.  " 


A   BRIEF  HISTORY    OK    EARLY  STEAM   NAVI- 
GATION IN  THE  UNITED  STATES 

The  celebration  at  this  time  of  the  first  successful  commercial 
application  of  steam  power  to  navigation  makes  of  interest  the  follow- 
ing brief  review  of  the  work  of  three  men — Fulton,  Stevens  and 
Fitch — who  played  an  important  part  in  the  development  of  the  art. 

Fulton,  who  possessed  considerable  talent  as  an  artist,  appears  to 
have  first  taken  up  the  study  of  steam  navigation  while  a  pupil  of 
Benjamin  West  in  London.  Later  he  went  to  Paris  and  while  there 
interested  Robert  R.  Livingston,  of  New  York,  in  his  ideas,  to  such 
an  extent  that  Livingston  agreed  to  supply  the  funds  necessary  for 
experiments.  These  proving  successful  a  contract  was  to  be  made 
for  development  in  the  United  States. 

A  vessel  66  ft.  long  and  8  ft.  wide  was  built  in  France,  and  fitted 
with  an  engine  the  builders  of  which  are  not  stated,  though  probably 
they  were  Boulton  &  Watt  of  England.  After  some  mishaps,  a 
successful  trip  was  made  on  the  Seine  in  1803.  Arrangements  were 
then  made  to  build  a  larger  vessel  in  the  United  States,  but  owing  to 
the  lack  of  engine-building  facilities  in  that  country  and  in  France, 
the  engine  was  ordered  from  Boulton  &  Watt.  In  Fulton's  diary  the 
cost  of  the  engine  is  given  at  54S£  and  that  of  the  copper  boiler, 
weighing  4,399  lb.,  at  2s.  2d.  the  pound  or  £476  lis.  2d.  The  boiler 
was  bought  of  Cave  &  Son. 

Existing  data  of  the  engine  are  somewhat  at  variance,  chiefly  in 
regard  to  the  relative  arrangement  of  crankshaft,  paddle-wheels  and 
flywheel,  though  there  is  no  doubt  that  the  cylinder  was  24  in.  in 
diameter  and  the  stroke  4  ft.  Professor  Renwick  in  his  life  of  Fulton 
says,  ''On  the  same  axle  with  the  crank  were  toothed  wheels,  which 
gave  motion  to  pinions,  and  to  axles  of  the  pinions  was  adjusted  a 
heavy  flywheel.  "  The  paddle-wheels  were  evidently  on  the  crank- 
shaft but  this  is  not  stated.  The  foregoing  arrangement  is  the  same 
as  that  shown  in  Woodcraft's  work  on  Steam  Navigation  published 
in  London  in  1848.  The  accompanying  sketch,  taken  from  Fulton's 
specifications  of  patent  in  1809,  shows  but  one  flywheel,  driven  by 
pinions  from  the  crankshaft,  on  which  the  paddle-wheels  were  placed. 
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The  model  of  the  Clermont  from  the  Smithsonian  Institution  shows 
the  flywheel  and  paddle-wheels  on  the  same  shaft  driven  by  gears 
from  the  crankshaft.  To  complicate  the  matter  further,  data 
obtained  by  the  designers  of  the  Clermont  II  show  one  flywheel  out- 
side the  hull  on  each  side,  and  this  is  the  arrangement  on  the  vessel 
built  for  the  Hudson-Fulton  celebration. 


A  Paddle  Wheel  of  the  "Clermont"  II 

The  dimensions  of  the  hull  are  also  a  matter  of  dispute.  The 
Smithsonian  model  was  built  from  a  description  in  a  letter  from 
Fulton  to  Boulton  in  which  the  length  is  given  as  175_ft.,  the  beam 
12  ft.,  and  the  depth  8  ft.  In  his  patent  specification  Fulton  gives 
the  dimensions  as  150  ft.  long  and  13  ft.  wide.  In  the  enrollment 
made  at  the  New  York  custom  house,  the  vessel  "having  been 
enlarged"  measured  150  ft.  long  and  IS  ft.  wide.  These  are  doubt- 
less the  dimensions  after  the  vessel  was  altered  in  the  winter  of  1807 
to  fit  her  for  regular  passenger  traffic. 

The  hull  of  the  Clermont  was  built  at  the  shipyard  of  Charles 
Browne  on  the  East  River  near  Corlaer's  Hook,  opposite  the  Brooklyn 
Navy  Yard.  The  sides  of  the  hull  were  straight  and  the  bottom  flat, 
the  angle  included  by  both  bow  and  stern  being  60  deg.  A  square- 
rigged  mast  was  placed  forward  and  a  schooner-rigged  mast  aft. 
During  the  first  voyage  a  tiller  was  used  for  steering,  but  a  wheel  was 
afterward  placed  forward  over  the  engine. 
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The  first  trip  was  made  on  Monday,  August  21,  1807,  from  New 
York,  the  Clermont  leaving  at  1  p.m.  and  arriving  at  Clermont, 
Livingston's  estate,  at  10  a.m.  Tuesday,  having  covered  110  miles. 
On  Wednesday,  leaving  Clermont  at  9  a.m.,  Albany  was  reached  at 
5  p.m. — a  run  of  40  miles  in  8  hours.  On  Thursday  at  9  a.m.  the 
Clermont  left  Albany  and  arrived  at  Clermont  at  6  p.m.,  leaving 
at  7  p.m.  and  arriving  in  New  York  on  Friday  at  4  p.m.  In  describ- 
ing the  trip  in  a  letter  to  a  newspaper,  The  American  Citizen,  Fulton 
wrote  that  the  wind  was  ahead  both  waj^s  so  that  no  advantage  was 
derived  from  the  sails. 

In  discussing  with  Livingston  the  possibilities  of  financial  return 
from  the  passenger  traffic,  Fulton  wrote:  "By  carrying  for  the 
usual  price  there  can  be  no  doubt  but  the  steamboat  will  have  the 
preference  because  of  the  certainty  and  agreeable  movement.  I 
have  seen  the  captain  of  a  fine  sloop  on  the  Hudson.  He  says  the 
average  of  his  passages  have  been  48  hr.  For  the  steamboat  it 
would  have  been  30  certain.  The  persons  who  came  down  with  me 
were  so  pleased  that  they  said  were  she  established  to  run  periodically 
they  would  never  go  in  anything  else. " 

The  following  rates  were  charged  to  various  points  from  New  York: 
Newburgh,  .S3,  14  hr.;  Poughkeepsie,  $4, 17  hr.;  Esopus,  .$4.50,  20  hr.; 
Hudson,  $5,  30  hr.;  Albany,  $7,  36  hr.  In  Renwick's  life  of  Fulton, 
in  addition  to  the  foregoing  rates,  these  details  are  given: 

All  other  way  passengers  to  pay  $1  for  20  miles  passage  and 
a  half  dollar  for  each  meal. 

Children  between  1  and  5  years,  one-third  price  if  sleeping 
with  those  having  charge  of  them. 

Young  persons  between  5  and  13  years,  half  price  sleeping 
two  in  a  berth;  full  price  sleeping  one  in  a  berth. 

Servants,  two-thirds  price  for  one  in  a  berth;  one-half  price 
for  two  in  a  berth. 

Each  passenger  paying  full  price  was  allowed  60  lb.  of  bag- 
gage; if  less  than  full  price,  40  lb.  of  baggage.  For  sur- 
plus baggage  3  cents  a  pound  was  charged. 

There  is  evidence  that  the  regular  trips  of  the  Clermont  were  made 
under  some  difficulties,  for  the  North  River  sloops,  perhaps  seeing 
in  the  Clermont  the  beginning  of  successful  competition  for  their 
freight  and  passenger  traffic,  sought  opportunities  to  run  afoul  of 
her  and  damage  her  paddles.  Fulton  was  obliged  to  construct 
guards  for  the  paddlewhecls,  but  one  writer  states  that  the  spirit  of 
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Plan  of  the  Clermont's  Engine  from  Fulton's  Patent  Specifications 


hostility  became  so  strong  that  the  Legislature  passed  a  law  to  punish 
any  person  who  attempted  to  injure  the  boat. 

The  Clermont  made  several  trips  during  the  fall  of  1807  at  stated 
times  advertised  in  the  newspapers.  During  the  winter  extensive 
alterations  were  made  to  provide  passenger  accommodations  and  in 
the  spring  of  ISOS  the  Hudson  River  trips  were  resumed.  At  some 
time  her  name  was  changed  to  North  River.     Under  favorable  con- 
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ditions  the  journey  to  Albany  was  made  in  twenty-eight  hours  at 
the  rate  of  six  miles  an  hour.  Sometimes  one  hundred  passengers  were 
carried. 


m    m    m    m  \  m\  „mi aj_Jii 

-or 


m^jL 


Plan  and  Elevation  of  the  Engine  in  the  Clermont  II 


Not  long  after  the  maiden  trip  of  the  Clermont,  probably  some 
time  in  1808,  repair  shops  were  built  at  North  Point,  Jersey  City,  the 
equipment  including  the  first  drydock  in  the  United  States,  measur- 
ing 200  ft.  long,  36  ft.  wide  and  16  ft.  deep.  Here  Fulton  built  the 
machinery  for  his  third  boat,  Car  of  Neptune,  launched  in  the  fall  of 
1809. 
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After  the  Clermont,  the  vessels  built  by  Fulton  were  as  follows: 
Rariton, — it  was  so  spelled  at  that  tiin(> — spring  of  1809;  Car  of 
Neptune,  fall  of  1809;  Paragon,  1811;  a  Hudson  River  ferryboat, 
1811-12;  an  East  River  ferry  boat,  1812 — the  floating  ferry  docks  or 
bridges  were  also  designed  by  Fulton;  Camden,  1812;  Richmond, 
Washington,  Fulton,  ferry  boat  Nassau,  1813;  Vesuvius,  1814.     In 


View  of  the  Engine,  Showing  Throttle  Valve,  Steam  and  Exhaust 
Lines  and  Part  of  the  Valve  Gear 

December  1814  Fulton  contracted  with  the  Government  for  the 
employment  of  the  steamboats  Vesuvius,  Etna,  New  Orleans,  Natchez 
and  Buffalo  as  transports  on  the  Mississippi  and  Ohio  Rivers.  How 
many  of  these  had  been  completed  at  that  time  is  not  known.  The 
Chancellor  Livingston  was  not  completed  until  after  Fulton's  death 
in  February  1815.  The  first  steam  frigate,  first  called  Demologes 
and  later  Fulton  the  First,  was  designed  by  Fulton  and  launched  in 
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1814.  She  was  not  completed  until  after  Fulton's  death  and  was 
subsequently  used  as  a  receiving  ship  at  the  Brooklyn  Navy  Yard. 

It  is  said  that  John  Stevens  began  his  work  in  steam  navigation 
in  1791,  having  received  an  inspiration  from  viewing  the  trial  of  one 
of  Fitch's  boats.  In  179vS,  a  steam-propelled  vessel  was  tried  on  the 
Passaic  River.  The  New  York  Legislatui^e  was  petitioned  by  Stevens 
for  a  monopoly  of  steam  navigation  but  the  petition  was  not  granted. 

In  1804  a  68-ft.  boat,  14  ft.  wide,  fitted  with  a  single-screw  propeller, 
was  built  by  Stevens  and  in  1805  a  twin-screw  boat  was  launched  on 
the  North  River.  The  machinery  of  this  boat  was  afterward  placed 
in  a  largerboat,  the  Phoenix,  103  ft.  3  in.  long,  16  ft.  wideandGft.  9in. 
deep,  which  was  launched  on  April  9,  1808,  at  Hoboken.  In  a  state- 
ment given  by  John  Stevens  to  the  New  York  Evening  Post  of 
October  20,  1808,  he  says  that  on  one  of  her  trips  the  Phoenix  left 
Hoboken  on  September  27  at  12.30  p.m.  and  owing  to  delays  in  adjust- 
ing the  machinery,  strong  head  winds  and  a  heavy  swell,  did  not 
reach  Perth  Amboy  till  7.15.  The  next  morning  she  left  Perth 
Amboy  at  12.30,  arriving  at  Hoboken  at  6  p.m.,  having  sailed  30 
miles  in  5  hr.  35  min.,  or  more  than  5^  miles  an  hour.  It  is  stated 
by  some  writers  that  the  Phoenix  made  the  sea  voyage  to  Philadel- 
phia during  the  summer  of  1808,  but  the  foregoing  statement  by 
Stevens  shows  that  the  trip  could  not  have  been  made  until  later. 

In  the  spring  of  1809  the  Phoenix  made  a  number  of  trips  between 
New  York  and  New  Brunswick,  a  distance  of37  milesin  9^ hr.  includ- 
ing stops.  However,  as  the  New  York  Legislature  had  granted  Fulton  a 
monopoly  of  steam  navigation  and  as  the  nearly  completed  Rariton, 
Fulton's  second  boat,  was  intended  for  operation  over  this  course 
it  was  decided  to  sail  the  Phoenix  to  the  Delaware  River  by  way  of 
the  Atlantic.  She  left  New  York  on  June  8,  1809,  arriving  at  Phila- 
delphia on  June  17.  Thus  was  accomplished  the  first  sea  voyage 
of  a  steam-propelled  vessel. 

Judging  from  the  models  the  lines  of  the  Phoenix  were  much 
superior  to  those  of  the  Clermont.  The  engine  also  shows  greater 
simplicity.  The  Phoenix  ran  as  a  passenger  boat  on  the  Delaware, 
stopping  at  Philadelphia,  Bordentown  and  Trenton,  where  connection 
was  made  with  stages  across  New  Jersey  to  New  Brunswick,  one  of 
the  terminals  of  the  Rariton.  After  running  for  a  number  of  years 
over  this  route  the  Phcenix  was  wrecked  at  Trenton  in  1814. 

The  model  of  John  Fitch's  steamboat  represents  one  built  in 
Philadelphia  in  1786,  a  successful  public  trial  being  made  on  the 
Delaware  River,  on  July  27  of  that  year.     The  length  was  34  ft.; 
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Model  of  John  Fitch's  Boat  Built  in  Philadelphia  and  tried  on  the 
Delaware  River  in  1786 


The  Phoenijc,  built  by  John  Stevens.      In  1809  she  made  an  Ocean  Trip 
FROM  New  York  to  Puiuldeupbia. 
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width  8  ft.;  depth,  3  ft.  6  in.  It  was  equipped  with  a  steam  engine, 
which,  connected  by  geared  machinery,  sprocket  wheel  and  chain, 
operated  oars  placed  vertically  in  a  frame  on  each  side  of  the  boat. 

In  1788  Fitch  completed  his  first  commercial  boat  for  carrying 
passengers,  and  it  was  driven  in  a  similar  manner.  This  boat  was 
60  ft.  long  and  8  ft.  wide.  In  July  1788,  a  trip  was  made  from 
Philadelphia  to  Burlington,  about  20  miles,  the  longest  ever  made 
by  any  steamboat  up  to  that  date.  On  October  12,  1788,  the  boat 
carried  30  passengers  from  Philadelphia  to  Burlington  in  3  hr.  10 
min.,  a  speed  of  over  six  miles  an  hour.  In  1791  Fitch  built  another 
boat,  which  attained  a  speed  of  eight  miles  an  hour,  and  continued  to 
run  on  the  Delaware  River,  carrying  passengers  and  freight,  for  three 
or  four  months.  In  1796,  another  boat  was  built  by  Fitch  and  tried 
on  the  Collect  Pond  in  New  York.  It  is  said  that  this  boat  was 
fitted  with  a  screw  propeller. 

Fitch  was  not  able  to  obtain  sufficient  financial  backing  for  his 
experiments  and  was  therefore  unable  to  develop  further  his  ideas  of 
steam  navigation. 


PERSONALS  OF  THE  MEMBERSHIP  AM.SOC.M.E. 

Walter  C.  Allen,  formerly  general  superintendent  of  the  Yale  &  Towne  Manu- 
facturing Company's  plant  at  Stamford,  Conn.,  has  recently  been  appointed 
general  manager  of  that  company  with  headquarters  in  New  York. 

F.  C.  Armstead,  supervising  engineer  of  the  stoker  department  of  the  Westing- 
house  Machine  Co.,  for  a  number  of  years  located  at  East  Pittsburg,  now  has  his 
headquarters  at  the  Westinghouse  Works,  Attica,  N.  Y. 

Dickerson  G.  Baker,  formerly  consulting  engineer,  Samuel  M.  Green,  Inc.,  has 
accepted  the  position  of  works  manager,  Blake  &  Knowles  Steam  Pump  Works, 
East  Cambridge,  Mass. 

A.  Bement  has  been  appointed  by  Governor  Deneen  delegate  to  represent  the 
State  of  Illinois  at  the  American  Mining  Congress  at  Goldfield,  Nev. 

Wm.  A.  Bole  has  been  appointed  assistant  manager  of  the  works  of  the  West- 
inghouse Machine  Co.,  E.  Pittsburg,  Pa.,  with  particular  jurisdiction  over  the 
Trafford  Works. 

Chas.  J.  Caley  has  resigned  as  general  manager  of  the  Russell  &  Erwin  Mfg. 
Co.,  because  of  ill  health.  He  is  still  a  member  of  the  board  of  directors  and  later 
it  is  expected  will  act  in  an  advisory  capacity. 

Wm.  T.  Donnelly  has  been  appointed  official  representative  of  the  Manufac- 
turers' Association  of  Brooklyn  on  the  inspection  trip  to  the  Adirondacks  under 
the  auspices  of  the  State  Water  Supply  Commission.  This  trip  is  being  made 
to  inspect  the  available  water  supply  with  regard  to  power,  storage  and  flood 
conditions. 

Ralph  E.  Flanders  is  the  author  of  a  book  on  Gear-Cutting  Machinery. 

Frank  A.  Haughton  has  become  associated  with  the  Taylor  Iron  and  Steel 
Co.,  High  Bridge,  N.  J. 

Clarence  H.  Helvey  has  accepted  a  position  with  the  Hamilton  Engineering 
Co.,  Hamilton,  O.  He  was  until  recently  in  the  service  of  the  Power  Equipment 
Co.,  New  York. 

An  illustrated  article  on  The  Manufacturing  Laboratory  at  Neubabelsberg,  by 
Henry  Hess,   was  published  in  the  September  9  issue  oi  T lie  A mericnn  Machinist. 

H.  A.  S.  Howarth  has  contributed  an  article  on  Simple  and  Automatic  Stop- 
Pins  for  Press  Work,  to  the  September  issue  of  Machinery. 
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Mark  L.  Ireland,  who  was  recently  stationed  at  the  Watertown  Arsenal,  Water- 
town,  Mass.,  will  be  relieved  from  the  Ordnance  Department,  U.  S.  A.,  and  return 
to  the  Coast  Artillery  Corps,  Fort  Stevens,  Ore.,  after  October  5. 

Louis  L.  Johnson,  formerly  in  the  employ  of  the  Westinghouse  Machine  Co., 
Chicago,  111.,  has  been  appointed  gas  engineer  of  the  electrical  department  of  the 
Southern  Pacific  Co.,  San  Francisco,  Cal. 

Wm.  A.  Jordan  has  become  associated  with  the  Charles  Warner  Co.,  Wilming- 
ton, Del.  He  was  formerly  connected  with  Stephen  T.  Williams,  and  staff  in  the 
capacity  of  industrial  engineer. 

Prof.  R.  R.  Keely,  and  A.  G.  Robb  have  been  elected  to  the  council  of  the  Nova 
Scotia  Society  of  Engineers. 

William  F.  Lee,  formerly  engineer  for  the  C.  W.  Hunt  Co.,  New  York,  has 
entered  into  partnership  with  C.  J.  Roelker  of  Richmond,  Va.  They  will  do 
general  engineering  work  throughout  the  South,  under  the  firm  name  of  Roelker 
and  Lee. 

Jas.  G.  Maclaren  has  been  transferred  from  the  home  office  of  the  Lamson 
Consolidated  Store  Service  Co.,  at  Boston,  Mass.,  to  look  after  engineering  work 
in  the  New  York  department. 

A  biographical  sketch  of  Melville  W.  Mix  was  published  in  the  September 
number  of  Cassier's  Magazine. 

Curtis  C.  Myers,  has  resigned  as  mechanical  engineer  of  the  Diamond  Chain  and 
Manufacturing  Co.,  Indianapolis,  Ind.,  to  accept  the  position  of  shop  coordinator 
in  cooperative  engineering  courses  at  the  University  of  Cincinnati. 

Robt.  W.  Rogers  is  now  connected  with  the  Erie  Railroad,  with  headquarters 
in  the  general  mechanical  superintendent's  office  at  Meadville,  Pa. 

A.  H.  Sabin  has  been  elected  a  fellow  and  member  of  the  honorary  covmcil  of 
the  North  British  Academy  of  Arts  and  Sciences. 

Robert  Shirley  has  been  appointed  works  manager  of  the  Chapman  Valve 
Mfg.  Co.,  Indian  Orchard,  Mass.  Until  recently  he  was  associated  with  the 
Pralt  &  Cady  Co.,  Hartford,  Conn.,  as  mechanical  engineer. 

Chas.H.  Speer  has  entered  the  service  of  the  Algoma  Steel  Co.,  Ltd.,  Sault 
Ste.  Marie,  Ont.,  in  the  capacity  of  assistant  engineer.  He  was  formerly  con- 
sulting engineer  with  Carr  &  Speer,  New  York. 

H.  L.  Watson  has  been  transferred  from  the  Clovelaml  f)ffice  to  the  Boston 
office  of  the  AUis-Chalmers  Co. 


NECROLOGY 

WILLIAM  THOMAS  REED 

William  Thomas  Reed,  Mem.Am.Soc.M.E.,  was  born  June  27, 
1847,  London,  England.  He  received  his  education  at  the  Commer- 
cial College,  Kent,  and  entered  railway  service  in  1862  as  a  machinist; 
was  apprenticed  to  the  London,  Chatham  &  Dover  Railway,  1869- 
1871;  became  a  machinist  on  the  Grand  Trunk  Railway,  Canada,  in 
1871,  afterwards  serving  the  road  as  leading  machinist,  at  Stratford, 
Ont.,  1875-1877,  foreman  erecting  and  other  shops,  at  Montreal, 
P.  Q.,  1877-1883;  locomotive  foreman,  at  Belleville,  Ont.,  1883-1887. 

In  1887  he  became  master  mechanic  of  the  Western  division,  Ca- 
nadian Pacific  Railway;  and  from  1888  to  1894,  acted  as  general  master 
mechanic,  St.  Paul  &  Manitoba  Railway.  From  1895  to  1898  he  was 
superintendent  of  the  Chicago  Great  Western  Railway,  and  from 
1893  to  1901,  superintendent  of  motive  power  and  machinery.  Sea- 
board Air  Line  Railway,  Portsmouth,  Va.  He  was  locomotive  super- 
intendent for  the  Jamaica  Government  Railway,  from  1902  to  1906, 
at  which  time  he  was  appointed  locomotive  superintendent  of  the 
Gold  Coast  Government  Railway,  West  Africa.  He  held  this  position 
until  1908,  when  he  received  another  appointment  on  the  Jamaica 
Government  Railway.     In  1890  he  became  a  member  of  this  Society. 

Mr.  Reed  died  of  malarial  fever,  July  1,  1909,  only  a  few  hours  after 
leaving  Kingston  wharf  on  leave  of  absence,  and  was  buried  at  sea. 

ARCHIBALD  W.  BLAIR 

Archibald  W.  Blair,  Jun.Am.Soc.M.E.,  died  July  17,  1909  at  the 
home  of  his  father.  Dr.  W.  W.  Blair,  in  Princeton,  Ind.,  where  he  was 
born  June  4,  1865.  He  was  a  graduate  of  the  Princeton  High  School 
and  took  a  special  course  in  mechanical  engineering  at  Purdue  Uni- 
versity. After  serving  an  apprenticeship  in  the  foundry,  machine, 
boiler  and  smith  shops  of  the  Princeton  Foundry  and  Machine  Works, 
Mr.  Blair  went  in  1890  to  Cincinnati  where  he  attained  high  standing 
as  a  mechanical  draftsman.     At  the  time  of  his  death  he  was  chief 
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draftsman  of  the  American  Laundry  Machinery  Company  and  also 
instructor  in  the  Ohio  Machinists'  Institute,  and  a  member  of  the 
American  Association  of  Engineers.  He  was  a  man  of  many  excellent 
traits  and  high  attainments  and  will  be  greatly  missed  by  his  asso- 
ciates.    Mr.  Blair  entered  the  Society  as  a  Junior  in  1898. 


TAN  BARK  AS  A  BOILER  FUEL 

By  David  Moffat  Myers,  New  York 
Associate  Member 

It  is  the  object  of  this  paper  to  give  the  chief  characteristics  of  wet 
spent  tan  as  a  boiler  fuel.  It  is  believed  that  tan  bark  contains  a 
larger  percentage  of  moisture  than  any  of  the  other  moist  fuels.  It 
is  perhaps  safe,  therefore,  to  assume  that  its  correct  treatment  as  a 
fuel  may  indicate  to  a  certain  extent  the  most  efficient  means  of 
dealing  with  other  moist  fuels. 

2  The  writer  has  been  engaged  in  testing,  remodeling,  operating 
and  constructing  steam  plants  depending  partly  or  principally  upon 
tan  bark  for  their  fuel;  and  in  connection  with  this  work  the  following 
tests  and  observations  were  made,  not  only  to  determine  the  value 
of  the  fuel,  but  principally  to  indicate  the  most  favorable  conditions 
for  its  complete  combustion  and  to  improve  the  economy  of  the  plants 
visited. 

PHYSICAL  CONDITIONS 

3  The  nature  of  tan  bark  is  too  well  known  to  require  minute 
description,  but  it  may  be  stated,  as  relating  directly  to  its  use 
as  a  fuel,  that  its  condition  in  the  fireroom  varies  with  the  method 
of  its  preparation  for  leaching,  and  its  treatment  in  the  leaches. 
Bark  which  has  been  finely  disintegrated,  and  has  been  blown  a  long 
distance  through  a  pipe  or  flue,  will  reach  the  furnaces  almost  in  the 
state  of  a  wet  powder,  difficult  to  burn.  On  the  other  hand,  with  less 
thorough  disintegration  and  a  shorter  fan  drive,  the  tan  will  be  in 
larger  pieces  which  allow  a  freer  passage  to  the  draft.  The  tan  in  the 
fireroom  varies  in  temperature  according  to  its  final  treatment  in  the 
leach  house  and  according  to  the  distance  it  is  conveyed  from  the 
leach  to  the  furnaces.  Under  good  conditions  it  often  reaches  the 
fireroom  at  a  temperature  of  1 10  deg.  fahr.     The  amount  of  moisture 

To  be  presented  at  a  meeting  of  The  American  Society  of  Mechanical  Engineers. 
All  papers  are  subject  to  revision. 
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in  the  tan  varies  with  the  leaching  process  and  usually  runs  from  62 
to  70  per  cent.  Oak  tan  is  easier  to  burn  than  hemlock  because  it 
is  harder  and  does  not  become  soggy  and  pack  on  the  grates,  but  ad- 
mits the  draft  more  freely  than  the  hemlock. 

CALORIMETER    TESTS 

4  The  calorific  tests  given  in  Table  1  were  made  by  Dr.  Henry 
C.  Sherman  of  Columbia  University,  the  samples  of  tan  being  dried 
before  burning. 


TABLE  1     CALORIFIC  VALUES  OF  DRIED  SPENT  HEMLOCK  TAN 

Sample  No. 

B.  T.u.  PBK  Pound 

Sample  No. 

B.  T.u.  PER  Pound 

1 

I 
t 

6 

9406 
9378 
9463 
9500 
9516 
9482 

7 

8 

9 
10 
11 
Average 

9519 
9450 
9504 
9850 
9472 
9504 

Note — ^Samples  7,  8  and  9  each  contained  about  6  per  cent  of  oak  tan. 
EFFECTS    OF    LEACHING 

5  Calorific  tests  were  made  to  determine  the  effect  of  leaching 
on  the  fuel  value  of  the  tan,  and  it  was  found  that  the  percentage  of 
tannin  left  in  the  bark  does  not  affect  its  calorific  value  per  diy  pound. 
As  a  check  a  further  test  was  made,  comparing  a  sample  of  leached 
bark  and  one  of  unleached  bark.  The  result  showed  only  a  slight 
difference  of  heat  units  between  the  two  and  in  fact  a  trifle  more  heat 
in  the  leached  bark  per  dry  pound.  In  other  words  it  can  be  stated 
that  the  degree  of  leaching  to  which  tan  bark  is  subjected  does  not 
affect  its  fuel  value,  except  inasmuch  as  actual  weight  is  subtracted 
by  the  leaching  process,  so  that  a  smaller  quantity  of  fuel  reaches  the 
fireroom. 

6  As  regards  the  loss  of  weight  due  to  leaching,  100  lb.  of  air-dry 
bark  fed  to  the  mill  will  jDroduce  74.7  lb.  of  tan  in  the  fireroom  under 
good  leaching  conditions.  This  tan  contains  65  per  cent  moisture, 
e.  g.,  100  lb.  of  air-dry  bark  ground  at  the  mill  will  result  in  about 
213  lb.  of  spent  tan,  containing  65  per  cent  moisture,  in  the  fire-room; 
i.  e.,  the  weight  of  the  spent  tan  is  2.13  times  the  weight  of  the  bark 
ground. 
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MOISTURE 

7  Ten  of  these  samples  contained  moisture  varying  from  63.6  per 
cent  to  68.27  per  cent,  the  average  moisture  being  65.5  per  cent. 
Many  more  moisture  tests  were  made,  but  these  ten  samples  are 
t^'-pical  and  represent  about  the  average  conditions  in  this  respect. 
Taking  the  average  calorific  power  of  dried  hemlock  tan  at  9500  B.t.u., 
and  the  average  moisture  at  65  per  cent,  and  calculating  the  loss  due 
to  moisture,  we  have:  Loss  by  moisture  =  0.65[(212°  —  t)  +  966  + 
0.48  (T  —  212°)].  For  t  we  have  the  temperature  of  the  moist  fuel 
=  100  deg.,  and  for  T  the  temperature  of  the  flue  gases,  which  in  tan 
burning  averages  about  500  deg.     Substituting  these  values  gives : 

Moisture  loss  =  0.65   (212  -  100)  +  966  +0.48(500  -  212)   = 
660  B.t.u. 

8  Since  a  pound  of  fuel  is  65  per  cent  moisture,  0.35  lb.,  or  the 
dry  amount,  must  evaporate  0.65  lb.  moisture.  The  calorific  value 
of  0.35  lb.  of  dry  tan  is  0.35  of  9500  B.t.u.,  or  3325  B.t.u.,  which 
is  the  total  B.t.u.  in  a  pound  of  moist  fuel.  Subtracting  the  moisture 
loss  we  have  3325  B.t.u.  -  660  B.t.u.  =  2665  B.t.u.,  as  the  avail- 
able heat  in  a  pound  of  fuel  as  fired. 

TAN   BARK  COMPARED   TO   COAL 

9  As  previously  deduced,  the  weight  of  the  bark  as  ground  X  2.13 
=  the  weight  of  the  spent  tan.  Therefore  the  available  heat  for 
boiler  purposes  obtained  from  a  pound  of  average  air-dry  hemlock 
bark  is  2.13  X  2665  B.t.u.  =  5676  B.t.u.  As  compared  to  coal  of 
13,500  B.t.u.,  1  ton  of  hemlock  bark  ground  at  mill  =  0.42  tons  coal. 

CHEMICAL    ANALYSIS 

10  The  chemical  composition  of  dry  tan  is  as  follows: 

Per  cent 

Mineral  ash    1  ■  42 

Hydrogen G .  04 

Carbon • 51 .  SO 

Oxygen 40. 74 

100.00 
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This  sample  was  hemlock  tan  containing  6  per  cent  oak  tan.     When 
dried  at  110  deg.  cent.,  it  lost  66.77  moisture. 

EVAPORATIVE    TESTS 

11  The  actual  evaporative  power  of  tan  was  taken  from  the 
results  of  22  complete  boiler  tests  burning  tan  alone.  Eight  of  these 
were  thermal-efficiency  tests. 

12  Four  complete  thermal-efficiency  tests  were  also  made  using 
both  tan  and  coal  for  fuel.  The  above  tests  were  conducted  in  accord- 
ance with  the  Am.  Soc.  M.  E.  code,  and  in  different  parts  of  the  coun- 
try, including  the  South,  the  East  and  the  Middle  West.  The  type 
of  boiler  in  every  case  was  the  horizontal  tubular.  The  furnaces 
varied  considerably  in  design  and  economic  results;  but  they  were 
all  of  the  Dutch  oven  type,  set  in  front  of  the  boiler;  and  all  were 
fired  from  the  top  through  feed-holes,  with  the  exception  of  the  fur- 
nace designed  by  the  writer,  the  results  and  design  of  which  will  be 
described  later.  All  the  above  tests  were  made  under  natural  draft. 
Tables  2  and  3  show  one  of  the  24-hr.  boiler  and  furnace  efficiency 
tests,  selected  to  show  what  may  be  considered  ordinary  conditions 
and  results  in  tan  burning. 

13  By  designing  and  constructing  a  special  furnace  for  the  pur- 
pose the  writer  obtained  a  thermal  efficiency  of  furnace  and  boiler  of 
71.1  per  cent,  burning  hemlock  tan,  efficiency  based  on  available 
heat  of  fuel.     The  principal  features  of  this  furnace,  which  was  sub- 

TABLE  2     BOILER  TEST  "  X  "  TANNERY 

Data  and  Results  of  Evaporative  Test  on  Boiler  No.  6  to  Determine 
Horsepower  Developed  and  Efficiency  of  Existing  Methods  and  Con- 
ditions FOR  Burning  Wet  Spent  Hemlock  Tan  as  Fuel  ii'OR  Steam  Genera- 
tion. 

Kind  of  fuel Wet  spent  hemlock  tan 

Kind  of  furnace Wide  high  oven,  2  rows  firing  eyes 

Method    of    starting    and    stopping    test Alternate 

Grate  surface,  square  feet 92 

Water  heating  surface,  square  feet 2089 

Heating  surface  -^  grate  surface 22.7 

TOTAL  quantities 

Date  of  trial November  5  and  G,  1902 

Duration  of  trial,  hours 24 
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Weight  of  tan  as  fired,   pounds 53,000 

Percentage  of  moisture  in  tan 65.6 

Total  weight  of  dry  tan  consumed,  pounds 18,232 

Total  weight  of  water  fed  to  boiler,  pounds 69,825 

Factor    of    evaporation ; 1 .  1216 

Equivalent  water  evaporated  into  steam  from  and  at  212  deg.,  pounds 78,316 

HOURLY  QUANTITIES 

Wet  tan  consumed  per  hr.  pounds 2208 

Dry  tan  consumed  per  hr.,  pounds 1823 

Water  evaporated  per  hr.,  pounds 2909 

Equivalent  evaporation  per  hr.,  from  and  at  212  deg.,  pounds 3263 

AVERAGE  TEMPERATURES,  PRESSURES,  ETC. 

Steam  pressure  by  gage,  pounds     70 .  25 

Temperature  feed-water  entering  boiler 126.5 

Temperature  escaping  gases  from  boiler 471 

Force  of  draft  between  damper  and  boiler,  inches  water 0.39 

Temperature  outside  air 64 

Temperature  of  tan  as  fired 83 

HORSEPOWER 

Horsepower  developed ■ 94 . 6 

Rated  horsepower,  at  15  sq.  ft ■  ■  •  •  139 

Percentage  rated  horsepower  developed 68 

ECONOMIC  RESULTS 

Water  evaporated  under  actual  conditions  per  lb.  tan  as  fired,  pounds 1 .  32 

Equivalent  evaporation  from  and  at  212  deg.  per  lb.  tan  as  fired,  pounds.  ...  1 .48 
Equivalent  evaporation  from  and  at  212  deg.  per  lb.  dry  tan,  pounds 4 .  30 

EFFICIENCY 

Calorific  power  of  dry  tan  per  lb.,  British  thermal  units 9463 

Percentage  moisture  in  tan  as  fired 65 . 6 

Available  heat  in  1  lb.  of  wet  tan  as  fired,  after  subtracting  loss  due  to 

evaporating  moisture,   British  thermal  units 2443 

Efficiency  of  boiler  including  furnace,  based  on  available  heat  in  fuel, 

per  cent 58 . 2 

Efficiency  of  boiler  including  furnace,  based  on  total  heat  in  fuel,  per  cent  ....  43 . 9 


2  rows  of  eyes,  3  eyes  in  each  row.  Eyes  were  fired  according  to  regular 
method  employed  at  this  tannery,  i.  e.,  they  were  refilled  as  they  burned  low, 
a  large  amount  of  tan  being  fired  each  time.  51  eyes  were  fired  during  the 
24-hr.  test. 
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TABLE  3     FLUE-GAS   ANALYSIS 
Damper  Wide  Open 


No. 

Time 

CO2 

% 

0 

% 

CO 

% 

Firing 

1 
2 

9  :  45 
10:21 

10.8 
4.2 

7.5 
12.3 

30  minutes  after 
30  minutes  after 

3 

11  :48 

11.5 

7.0 

j    14    minutes   after 

4 
5 

12  :  29 
1  :37 

5.0 
4.6 

15.0 
15.1 

0.5 

22    minutes    after 
i  While  firing 

6 

2  :06 

5.0 

13.0 

0.3 

14  minutes  after 

7 

8 

9 

10 

11 

3  :05 

4  :  08 

5  :30 

6  :20 
6  :55 

9.2 
9.8 
12.6 
12.6 
11.6 

8.4 
6.6 
7.0 
7.4 

'o!i 

0.5 
0.2 

40  minutes  after 
While  firing 

5  minutes  after 
26  minutes  after 
25  minutes  after 

12 
13 
14 

7  :  50 

8  :  55 
10  :09 

13.0 
13.0 
11.0 

6.0 
7.2 
9.1 

0.6 
0.1 

20  minutes  after 
While  firing 
6  minutes  after 

15 
16 

11  :07 

12  :  23 

12.5 
11.5 

6.9 
7.5 

0.1 

0.8 

29  minutes  after 
23  minutes  after 

17 

1  :07 

7.6 

11.8 

1.1 

67  minutes  after 

18 

2  :  10 

12.5 

7.7 

0.0 

24  minutes  after 

19 

2  :  50 

6.0 

13.5 

20  minutes  after 

20 
21 

4  :  00 
5:30 

4.3 
3.0 

15.7 
16.4 

0.3 

58  minutes  after 
While  firing 

22 

6  :02 

11.0 

8.8 

0.0 

27  minutes  after 

23 

24 

6:37 
7  :35 

9.0 

8.7 

9.8 
11.0 

0.0      . 
0.2 

6  minutes  after 
9  minutes  after 

9.2 

8.2 

0.32 

1 

sequently  installed  in  a  number  of  plants,  were:  a  Large  combustion 
space  over  the  burning  fuel,  h  Automatic  stoking  with  rotating 
comb  shafts,  c  Oppositely  inclined  grate  surfaces  converging  down- 
ward to  a  set  of  shaking  and  dumping  grates,  d  Drying  on  dead 
plates  over  which  fuel  passed  before  receiving  air  supply,  e  Con- 
centrated draft  from  opposing  grate  surfaces  to  a  focus  of  combustion, 
caused  by  parallel  spacing  of  longitudinal  flat  grate  bars  with  beveled 
edges.  /  Reverberating  draft  action  resulting  from  concentrated 
draft-currents  and  the  curvature  of  the  arch,  thus  directing  flames 
back  upon  dead  plates.  The  full  results  of  a  test  on  this  furnace  are 
given  in  Table  4. 


EFFECT    OF    PRESSING    AND    BURNING    MIXED    WITH    COAL 

14  It  was  desirable  to  learn  the  exact  economic  effect  of  burning 
coal  with  pressed  tan  and  also  the  result  of  pressing  the  tan  to  elim- 
inate some  of  the  moisture.     For    these    purposes  three  thermal- 
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TABLE  4     BOILER  TEST  AUTOMATIC  STOKER  FURNACE  DESIGNED 
BY  THE  WRITER 

Data  and  Results  of  Evaporative  Test  on  Boiler  No.  1  to  Determine 
Horsepower  Developed,  and  Efficiency  of  Boiler  with  Automatic 
Tan  Stoker 

Kind  of  fuel Wet  spent  hemlock  tan 

Ivind  of  furnace Automatic  stoker 

Method  of  starting  and  stopping  test Alternate 

Grate  surface,  square  feet 61.5 

Water  heating  surface,  square  feet 1795 

total  quantities 

Date    of    trial August    14,    1903 

Duration  of  trial,  hours 12 

Weight  of  tan  as  fired,  pounds 18,600 

Percentage  moisture  in  tan 65 . 3 

Total  weight  of  dry  tan  consumed,  pounds 6449 

Total  weight  of  water  fed  to  boiler,  pounds 33,004 

Factor  of  evaporation 1 .  085 

Equivalent  water  evaporated  into  steam  from  and  at  212  deg.,  pounds 35,809 

hourly  quantities 

Wet  tan  consumed  per  hr.,  pounds 1550 

Dry  tan  consumed  per  hr.,  pounds 537 

Water  evaporated  per  hr.,  pounds 2750 

Equivalent  evaporation  per  hr.  from  and  at  212  deg.,  pounds 2984 

average  temperatures,  pressures,  etc. 

Steam  pressure  by  gage,  pounds 43 

Temperature  feed-water  entering  boiler 155 

Temperature  inside  furnace 1 100 

Temperature  in  combustion  chamber 1475 

Temperature  gases  escaping  from  boiler 493 

Temperature  outside  air 71 

Temperature  of  air  entering  ash  pit 78 

Temperature  of  tan  as  fired 101 . 

Force  of  draft  between  damper  and  boiler,  inches  water 0.4 

horse  power 

Horsepower  developed   86 . 5 

Rated  horsepower  of  boiler  at  15  sq.  ft.,  per  h.p 120 

Percentage  rated  horsepower  developed 72.1 

ECONOMIC  RESULTS 

Water  evaporated  under  actual  conditions  per  lb.  of  tan  as  fired,  pounds.  ...  1 .77 
Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of  tan  as  fired,  pounds ...  1 .  93 
Equivalent  evaporation  from  and  at  212  deg.  per  lb.  of  dry  tan,  pounds.  .  .  .5.55 
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EFFICIENCY 

Calorific  value  of  dry  tan  per  lb.,  B.t.u ^^  ^^ 

Percentage  of  moisture  in  tan  as  fired ;^^^^ 

Availableheatperlb.  of  tan  as  fired,  B.t.u .■■;■■ " 

Efficiency  of  boiler,  including  furnace,  based  on  available  heat  in  fuel,  per         ^^   ^ 

Effidcncy  of  boiler,  including  furnace,  based  on  total  heat  in  fuel,  per  cent ...  54 . 4 


Firing  was  even  and  continuous  with  automatic  stoking.    Bed  of  fuel  maintained 
on  grates  was  about  9  in.  thick. 


TABLE  5  FLUE  GAS  ANALYSES 
D.-vMPER  Open 


No. 


Time 

CO2 

0 

CO 

% 

% 

% 

2  :25 

11 

7.5 

0 

4:30 

12.8 

5.6 

0 

7  :  15 

12 

7.8 

0 

9  :05 

13 

6.2 

0 

11  :  10 

13 

6.4 

0 

6.7 


TABLE  6     ANALYSIS  OF  SPENT  BARK 
Chemist's  No.  S.-736,  Analyzed  August  17,  1903 


% 

Moisture 65.33 

Total  solids ^-  ^^ 

Total  soluble  solids ,       ^-^^ 


Non-tannins. .  . . 
Available  tannin 
Reds 


% 


2.35 
1.89 
0.87 


efficiency  tests  were  conducted,  all  on  the  same  boiler  and  furnace, 
the  conditions  as  far  as  possible  being  the  same  m  all  tests,  and  the 
furnace  operated  by  the  same  firemen.  The  furnaces  and  boiler 
were  of  the  general  type  already  referred  to.  The  combustion  cham- 
ber under  the  boiler  differed  by  having  a  system  of  air  admission 
through  the  bridge  wall.  The  opening  in  the  wall  for  admitting  au- 
to this  system  was  set  i  open  in  the  first  test  and  remained  so  in  ail 
three  tests,  each  of  ten  hours'  duration.  An  effort  was  made  m  each 
of  the  two  tests  without  coal  to  equal  the  boiler  output  of  the  test 
in  which  coal  was  used;  but  as  shown  below  this  could  not  be  done. 
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15  The  furnace  arch  was  equipped  with  two  rows  of  firing-eyes  of 
throe  eyes  each,  and  two  eyes  on  the  same  side  of  the  furnace  were 
usually  fired  at  a  time.  The  firing  was  heavy,  the  cone  of  tan  nearly 
reaching  the  arch  each  time  after  firing.  The  furnace  had  a  grate 
surface  of  11  ft.  4  in.  by  7  ft.  0  in.  =  79.3  sq.ft.,  and  the  perpendicu- 
lar distance  from  the  grate  surface  to  the  highest  point  of  the  arch 
inside  was  48  in.     The  boiler  was  6  ft.  bv  18  ft.  and  contained  2089 


TABLE  7     COMPARATIVE  RESULTS  OF  THREE  TESTS 


Test  No.  1 


Test  No.  2       Test  No.  3 


Thermal   efficiency  of   boiler  including  furnace, 

based  on  available  heat  in  fuel,  per  cent 63.4  59.4 

Evaporation  from  and  at  212  deg.  per  lb.  tan  as 

fired,  pounds 1.98  1.90 

Evaporation  from  and  at  212  deg.  per  lb.,  dry 

tan ,  pounds 5 .  43  4 . 

Percentage  rated  h.p.  developed 135.5  92. 

Type  of  furnace wide  and   high 

Heating  surface -7- grate  surface 26.3  26.3 

Number  of  firing-eyes 6             I  6 

Depth  of  combustion  chamber,inches 48  48 

Kind  of  firing deep  deep 

Firing  intervals, minutes 18.8  18.8 

Kind  of  fuel pressed  tan  pressed  tan    \ 

and  coal 

Moistnre  in  tan,  per  cent 60 . 4  59 . 6 

Steam  pressure,  pounds 76  74 

Temperature  feed-water 163  160 

Flue  temperature 561  486 

Force  of  draft  in  uptake,  inches  water 0.51  0 .  49 

Duration  of  trial,  hours 10  10 

Flue-gas  analyses,  averages  per  cent  CO2 13.8  10.9 

Percent  0 4.9  7.8 

Percent  CO 0.15  0.93 


59. 

1.65 

4.54 
72.4 

26.3 
6 

48 
deep 
19.4 
unpressed  tan 

63.6 
63.4 
161 
445 
0.43 
10 

10.5 
8.6 
0.68 


sq.ft.  heating  surface,  the  ratio  of  heating  surface  to  grate  surface 
being  26.3  to  1. 

16  Nine  flue-gas 'analyses  were  made  during  test  No.  1,  seven  in 
each  of  the  following  tests,  and  the  averages  of  these  results  are  given 
in  Table  7  which  gives  the  most  essential  results  of  the  three  tests. 

17  The  results  of  this  series  of  tests  show: 

a  That  the  burning  of  coal  with  pressed  tan  increased  the 
thermal  efficiency  from  59.4  per  cent  to  63.4  per  cent. 

b  That  the  burning  of  coal  with  pressed  tan  increased  the 
boiler  output  from  92  per  cent  of  rated  capacity  to  135.5 
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per  cent  of  rated  capacity,  the  force  of  draft  differing  by- 
only  0.02  in.  water-gage. 

c  That  the  degree  of  combustion  as  indicated  by  the  amount 
of  CO2  was  raised  from  10.9  per  cent  CO2  with  pressed  tan 
to  13.8  per  cent  COj  with  pressed  tan  and  coal. 

d  That  the  flue  temperature  was  increased  from  445  deg.  with 
unpressed  tan  and  486  with  pressed  tan  to  561  deg.  with 
pressed  tan  and  coal. 

e  That  the  thermal  efficiency  based  on  available  heat  obtained 
with  pressed  tan  was  59.4  per  cent  as  compared  to  59 
per  cent  with  unpressed  tan. 

/  That  the  burning  of  pressed  tan  gave  a  boiler  output  of 
92  per  cent  rated  capacity  as  compared  to  72.4  per  cent 
with  unpressed  tan,  the  draft  being  only  0.04  in.  water- 
gage  stronger  in  the  test  of  greater  capacity. 

g  That  since  the  thermal  efficiency  was  practically  the  same 
with  both  pressed  and  unpressed  tan  the  principal  advan- 
tage of  pressed  over  unpressed  tan  in  this  particular 
case  lies  in  the  intrinsically  greater  calorific  value  of 
the  pressed  tan  owing  to  its  reduced  moisture.  In  this 
particular  case,  in  which  the  unpressed  tan  contained  63.6 
per  cent  and  the  pressed  tan  59.6  per  cent  moisture,  the 
actual  gain  in  available  heat-units  was  4.5  per  cent  over 
the  unpressed  tan  or  1|  per  cent  gain  in  heat  value  for 
each  per  cent  decrease  in  moisture. 

TAN    PRESSES 

18  Tan  presses  for  reducing  the  moisture  in  actual  practice  result 
in  a  total  economic  gain  of  only  about  7  per  cent;  and  against  this 
must  be  charged  the  power  to  run  them,  maintenance,  repairs  and 
often  the  disadvantage  of  noise  and  vibration  in  the  fireroom. 

19  The  question  of  installing  a  press  must  be  determined  prin- 
cipally by  local  conditions,  such  as  amount  of  tan  available,  amount 
and  proportion  of  coal  used  and  its  cost,  intelligence  of  labor,  aver- 
age moisture  in  the  tan  as  delivered  to  the  fireroom,  design  of  furnace 
and  grate,  cost  of  changing  such  design,  etc.  Especially  when  the 
firing  is  poor  a  press  is  of  much  value,  for  certain  firemen  who  can 
get  excellent  steaming  with  pressed  tan  cannot  raise  steam  with 
unpressed  tan.  When  a  press  is  introduced  for  tan  burning  and  the 
moisture  is  reduced,  the  rate  of  combustion  with  given  grate  and  draft 
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is  increased.  Therefore  to  burn  the  pressed  tan  in  the  time  required 
to  burn  the  wet  tan,  it  is  necessary  to  reduce  the  grate  surface  pro- 
portionately. 

20  For  example,  two  complete  24-hr.  evaporative  tests  were 
made  on  the  same  boiler  and  furnace,  with  the  same  firemen  and  with 
the  same  conditions  as  nearly  as  possible,  the  first  with  unpressed  and 
the  second  with  pressed  tan,  with  the  following  results: 

Test  No.  1,  without  press,  64.4  per  cent  moisture,  consumption 

14,565  lb.  dry  tan  with  0.42  draft. 
Test  No.  2,  with  press  60.4  per  cent  moisture,  consumption 

19,879  lb.  dry  tan  with  0.38  draft. 

Thus  the  rate  of  combustion  on  the  same  grate  was  increased  36.5 
per  cent.  (It  may  here  be  noted  that  the  boiler-horsepower  developed 
in  the  first  test  was  89.3  h.p.,  and  in  the  test  with  pressed  tan  116.8 
h.p.) 

21  Therefore  in  this  case  to  burn  the  tan  in  the  same  time  as 
formerly  it  would  be  necessary  to  reduce  the  grate  surface  about  27 
per  cent.  This  is  based  on  the  above  drop  in  moisture  from  64.4  per- 
cent to  60.4  ^  per  cent,  or  4  per  cent.  The  drop  in  moisture  with 
fair  pressing  will  run  between  6  and  7  per  cent,  representing  a 
total  gain  of  available  heat  of  7  to  8  per  cent.  With  good  pressing 
the  grate  surface  may  be  properly  reduced  one-third. 

22  There  have  been  cases  of  failure  with  pressing  the  tan  simply 
because  the  precaution  of  reducing  grate  surface  was  not  taken. 
Tannery  superintendents  have  said,  "  We  have  tried  presses  and  had 
to  throw  them  out,  because  the  tan  would  not  last  throughout  the 
day,  and  we  had  to  use  more  coal  to  make  up  the  deficiency. " 
The  point  here  is  that  a  tannery  will  almost  invariably  consume  or 
waste  every  pound  of  steam  its  boilers  will  supply.  With  the  press 
in  operation  the  steaming  was  increased  proportionately  as  long  as 
the  tan  "  lasted, "  no  provision  being  made  to  correct  the  grate  sur- 
face, and  consequently  the  result  would  be  exactly  as  stated  by  the 
superintendent.  This  has  led  to,  or  confirmed,  the  erroneous  opinion 
held  by  some  that  the  moisture  in  tan  aids  its  combustion, 

EFFECT   OF    SMALL    COMBUSTION    SPACE    OVER   THE    FIRE 

23  A  special  test  on  a  low-arched  furnace  was  made  to  obtain 
comparison  with  high  arches.     A  furnace  containing  nine  feed-holes. 
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and  having  a  height  from  arch  to  grate  of  2()  in.,  was  tested,  with 
the  results  shown  in  Table  8. 

TABLE  8     RESULTS  OF  TEST  ON  LOW-ARCHED  FURNACE' 

Efficiency  of  boiler  and  grate,  per  cent 26 . 4 

Evaporation  from  and  at  212  deg.  per  lb.  tan  as  fired 0.63 

Percentage  rated  h.p.  developed 39 

Heating  surface  -^  grate  surface 28 

Depth  combustion  chamber  under  boiler 3'6" 

Intervals  between  firing,  minutes 6.3 

Kind  of  tan Hemlock 

Percentage  moisture  in   tan ; 67 . 2 

Temperature  flue-gases 422 

Draft  at  damper,  inches 0.37 

24  These  miserable  results  arc  to  be  attributed  to  the  low  arch 
and  the  consequently  inadequate  combustion-space  between  the 
fuel  and  the  arch  of  the  furnace.  Owing  to  this  small  space  the  vel- 
ocity of  draft  and  gases  was  very  high,  thus  removing  the  volatile 
fuel-gases  from  the  furnace  before  their  combustion  could  be  fairly 
begun,  and  allowing  no  heating  or  mixing  action  in  the  furnace,  and 
when  they  struck  the  boiler  the  combustion  was  checked  or  stopped. 

25  The  worst  evaporative  results  ever  obtained  on  various  de- 
signs of  higher  furnaces,  on  tan  alone  and  with  poor  firing  are  at  least 
100  per  cent  better  than  this,  and  these  other  furnaces  ran  from  3  ft. 
0  in.  to  5  ft.  and  6  ft.  high;  it  is  perhaps  significant  that  the  highest 
thermal  efficiency  was  obtained  in  the  furnace  with  the  greatest 
amount  of  free  combustion  space  between  the  fuel  bed  and  the  top 
of  the  arch. 

26  During  recent  years  tanneries  have  been  using  more  extracts 
and  less  bark  for  their  liquors.  At  the  same  time  a  greater  amount 
of  machinery  has  been  introduced  and  it  has  been  found  beneficial 
to  use  more  heat  in  leaching.  All  these  changes  have  resulted  in 
greater  steam  requirements  and  less  spent  tan  bark  for  its  generation. 
Therefore  more  coal  is  required  in  the  boiler  room  and  stricter  econ- 
omy of  fuel  is  necessary. 

BURNING    A    MIXTURE    OF   TAN    AND    COAL 

27  Among  other  methods  of  burning  the  two  fuels,  the  ordinary 
coal-burning  setting  has  been  tried.  The  grates  are  usually  of  the 
shaking  variety  and  are  set  directly  under  the  boiler,  and  generally 
only  24  in.  to  30  in.  beneath  the  shell  of  the  boiler.     The  coal  and  tan 

'Average  flue-gas  analyses:  CO2,  4.3  per  cent;  O,  11  per  cent;  CO,  20  per  cent. 
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are  fired  alternately  by  hand.  Owing  to  the  large  volume  of  tan 
as  compared  to  its  heating  value  (spent  tan  weighs  about  33  lb.  per 
cu.  ft.)  the  fire  doors  have  to  be  opened  very  often,  thus  admitting 
a  great  excess  of  cold  air  to  the  fire.  The  fire  bed  has  a  strong  tend- 
ency to  burn  through  in  spots  and  form  blowholes.  The  tempera- 
ture-retaining effect  of  the  Dutch  oven  arch  is  lost,  and  instead,  the 
fuel  gases  come  into  direct  contact  with  the  shell  of  the  boiler,  which 
cools  them  before  combustion  is  fairly  under  way.  The  result  of  every 
such  case  the  writer  has  observed  has  been  a  dull,  smoky  fire  of  greatly 
varying  temperature  and  never  good  combustion.  In  a  certain 
plant  where  this  method  was  thoroughly  tried  out,  it  proved  so  unsuc- 
cessful that  it  was  discontinued  and  the  grates  were  replaced  by  Dutch 
ovens  in  which  the  mixture  of  tan  and  coal  was  burned,  the  fuels  being 
mixed  before  firing. 

28  The  above  illustration  affords  a  good  comparison  of  combus- 
tion with  and  without  a  brick  arch  over  the  fire  bed  with  hand  firina; 
and  goes  to  show  that  a  brick  or  refractory  arch  is  a  necessity  for  good 
combustion,  when  the  two  fuels  are  so  related  in  quantity  that  their 
heat  values  are  about  equal.  As  a  further  demonstration,  experi- 
ments with  automatic  stoking  may  be  cited.  The  mixed  fuel  was  fed 
into  a  chain-grate  stoker  operating  on  induced  draft.  This  was  done 
under  the  most  favorable  conditions  possible  and  under  the  super- 
vision of  an  engineer  representing  the  chain-grate  company,  with 
the  assistance  of  the  writer.  The  steam  pressure  and  the  fur- 
nace temperature  dropped  rapidly,  and  it  was  soon  necessary  to 
eliminate  the  tan  and  feed  coal  alone,  to  prevent  the  fire  from  going 
out.  Experiments  with  different  methods  of  mixing  and  feeding  the 
two  fuels  all  resulted  in  killing  the  fire. 

29  Like  experiments  were  conducted  on  a  Detroit  stoker  set  in 
front  of  boiler  and  having  a  brick  arch  completely  over  the  fire.  No 
scientific  tests  were  conducted,  but  the  mixed  fuel  easily  carried  the 
load  formerly  carried  by  the  coal,  it  being  necessary  only  to  increase 
the  speed  of  the  stoker.  The  steam  pressure  was  increased  and  as  far 
as  the  eye  could  detect  there  was  not  the  slightest  decrease  of  furnace 
temperature,  the  combustion  being  clear  and  to  all  appearances 
excellent. 

30  From  these  experiments  it  seems  entirely  safe  to  state  that 
for  efficient  combustion  of  a  mixture  of  tan  and  coal  in  ratio  by  weight 
of  5.2  to  1  a  refractory  arch  over  the  greater  part  of  the  fire,  and  pref- 
erably over  the  entire  fire-bed,  is  not  only  advisable  but  necessary. 
It  follows  that  tan  bark  of  the  usual  moisture  and  heat  content  can- 
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not  be  burned  without  the  apphcation  of  a  refractory  arch,  or  some 
device  of  similar  function,  such  as  a  large  combustion  chamber  lined 
with  refractory  material. 

31  Wood  is  sometimes  burned  in  combination  with  tan  in  the 
same  furnace.  Good  results  are  obtained  when  the  wood  is  ground 
to  about  the  same  fineness  as  the  tan,  when  it  is  known  in  the  saw- 
mill districts  as  "  hog  feed. "  When  wood  in  slab  or  log  form  is 
burned  in  the  same  furnace  with  tan  the  results  naturally  are  usually 
very  poor,  owing  to  blowholes  formed  in  the  fire  bed  and  consecjuent 
large  excess  of  air.  A  case  of  this  description  came  under  the  writer's 
observation.  ''Edgings"  from  a  nearby  sawmill  cost  less  than  coal 
per  1000  B.t.u.,  and  it  was  the  custom  to  fire  the  edgings  by  hand  into 
the  front  fire  doors  of  the  tan  furnaces,  the  tan  being  fired  from  above 
in  the  usual  manner.  A  large  amount  of  labor  was  required  and  the 
furnace  fronts  required  constant  repairing.  By  substituting  coal 
for  the  wood  in  this  case,  and  mixing  with  the  tan  before  firing,  a 
very  good  saving  was  effected  in  fuel,  labor  and  repairs. 

32  In  regard  to  draft  for  tan  burning,  in  26  evaporative  tests  on 
tan-burning  furnaces  the  average  force  of  draft  between  boiler  and 
damper  was  0.45  in.  water  gage. 

33  The  average  draft,  in  13  tests  on  tan  where  less  than  the  rated 
capacity  of  the  boiler  was  developed,  was  0.42  in.  water  gage  between 
boiler  and  damper. 

DRAFT  AND  GRATE  SURFACE 

34  The  average  draft,  in  12  tests  on  tan  where  rated  capacity  up 
to  60  per  cent  over-capacity  was  developed,  was  0.47  in.  water  gage. 
This  comparison  is  significant  only  in  a  very  general  way,  owing  to  the 
great  variety  of  ratios  of  heating  to  grate  surfaces  in  the  different  tests, 
and  the  different  methods  and  time  intervals  of  firing.  The  highest 
force  of  draft  found  in  any  case  between  damper  and  boiler  with 
chimney  draft,  furnaces  burning  tan  only,  was  0.63  in.,  and  the  lowest 
0.32  in. 

35  The  lightest  draft  with  which  rated  capacity  was  obtained  was 
0.32  in.,  and  in  this  case  the  ratio  of  heating  surface  to  grate  surface 
was  21.8  to  1.  In  the  test  where  160  per  cent  rated  capacity  was 
developed  the  force  of  draft  was  0.51  in.  and  the  ratio  of  heating  sur- 
face to  grate  surface  was  19.3  to  1.  The  greatest  ratio  of  heating 
surface  to  grate  surface  which  developed  full  rated  capacity  was  29.9 
to  1,  giving  110  per  cent  rated  capacity  with  force  of  draft  in  uptake 
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0.42  in.     The  firing  in  this  case  was  excellent  with  intervals  of  7.4 
min. 

36  Owing  to  space  required,  facility  in  cleaning  fires,  mininmni 
radiation  from  furnace  and  expense  of  building  and  repairing,  it  is 
desirable  to  make  the  furnace  grate  area  as  small  as  possible  and  still 
conform  to  capacity  requirements.  It  is  therefore  necessary  to  know 
the  boiler-horsepower  developed  per  square  foot  of  grate  surface. 
The  force  of  draft,  method  of  firing  and  ratio  of  heating  surface  to 
grate  surface,  are  all  factors  in  this  result,  also  the  moisture  in  the 
tan  bark.  Table  9  gives  the  most  important  factors  with  results  of 
nine  actual  tests. 

TABLE  9     RESULTS  OF  NINE  TAN-BURNING  TESTS 


j  Moist- 
Test  No.  Tan  ure 


Draft       H.S. 

%         Inches  j    -^^ 


Firing    In-    b.h.p. 

PER 


tervals 
Minutes 


SQ.  ft. 

G.  S. 


1 Oak  0.53  0.63 

2 Hemlock  0.51 

3 Oak  0.64  0.58 

4 Oak  0.64  0.61 


29 

19.3 

29 


15  2.35 

8  ]  2.07 

5  !  2.37 


34.8  1.53 


5 Hemlock  0.65  0.61  17.4  50.8            0.92 

6 Hemlock  0.32  21.8  5.2            1.51 

7 Hemlock  0.68  0.39  29.9  7.4            2.34 

8 Hemlock  0.64  0.42  22.7  ;         30             ,0.97 

9 j  Hemlock  j  0.65  0.40  I     29.2  Continuous      1.31 


37  Inspection  of  this  table  shows  that  one  factor  above  all  the 
others  influences  the  b.h.p.  developed  per  square  foot  of  grate,  and 
this  factor  is  the  method  of  firing.  Thus  the  testj  in  which  the  time 
intervals  between  firing  are  small  show  a  marked  increase  in  b.h.p.  per 
square  foot  of  grate.  This  test  is  upheld  by  many  other  tests  of  the 
writer.     From  the  table  we  may  take  the  following  average  results: 

For  oak  tan  with  60  per  cent  moisture,  0.61  in.  draft,  in  up- 
take of  horizontal  tubular  boiler,  and  good  firing  of  15 
min.  or  less  between  firing,  2.08  b.h.p.  per  sq.ft.  of  grate 
surface. 

For  hemlock  tan  with  65|  per  cent  moisture,  0.44  in.  draft  in 
uptake  of  horizontal  tubr  lar  boiler,  and  good  firing  of  say 
17  min.  or  less  betweer  firing,  1.52  b.h.p.  per  sq.  ft.  of 
grate  surface. 


966 


TAN  BARK  AS  A  BOILER  FUEL 


GRATE  SURFACE  FOR  COAL  AND  TAN 

38  The  above  results  arc  for  burning  tan  alone.  At  the  present 
time,  however,  it  is  very  general  practice,  as  previously  set  forth,  to 
burn  coal  with  the  tan.  The  best  results  in  most  cases  are  obtained 
when  the  coal  is  mixed  evenly  with  the  tan,  and  the  mixture  burned 
in  a  Dutch  oven  with  shaking  and  dumping  grates.  This  practice 
modifies  the  boiler-horsepower  per  square  foot  of  grate.  The  grate 
surface  often  allowed  is  at  the  rate  of  about  3J  b.h.p.  per  sq.  ft.  of 
grate  surface,  the  ratio  of  heating  surface  to  grate  surface  ranging 
from  50  to  1  to  33  to  1. 

TABLE  10      RESULTS  OF  TESTS  OF  BURNING  COAL  WITH  TAN  IN  DUTCH  OVENS 


Firing 

Weight     of 

B.H.P 

Tan 

Uptake 

H.  S. 

Inter- 

Coal     to 

PER 

Test 

Tan 

Grates 

Moisture 
% 

Draft 

G.  S. 

vals  Min- 
utes 

Weight  of 
Tan  as  Fired 

FQ.   FT. 
OF 

Grate 

a 

Hemlock 

Shaking 

68 

0.40 

33.5 

20 

Ito    8.9 

2.52 

b 

Hemlock 

Stationary 

60.4 

0.51 

28.1 

19 

Ito    6.1 

2.53 

c 

Hemlock 

Stationary- 

66.7 

0.67 

37.3 

6.3 

1  to  46.4 

2.70 

*d 

Oak 

Shaking 

67.4 

0.7 

29.4 

47 

Ito    2.9 

2.66 

e 

Hemlock 

Stationary 

66.5 

1.05 

I     32.8 

Ito  22.8 

1.33 

*Tubular  Boiler,  coal  fired  independently  in  front  d^ors  of  double  arched  tan  furnace.    The 
47-min.  interval  refers  to  the  tan  only. 


39  Of  course,  as  with  tan  alone,  the  development  per  square  foot 
of  grate  depends  upon  the  same  factors,  with  the  additional  factors 
of  the  proportion  of  coal  mixed  with  the  tan,  and  theB.t.u.and  charac- 
ter of  the  coal.  The  figures  in  Table  10,  selected  at  random,  show 
the  results  in  terms  of  b.h.p.  per  square  foot  of  grate  surf  ace  obtained 
in  actual  tests  of  burning  coal  with  tan  in  Dutch  ovens.  It  is  of  in- 
terest here  to  note  that  when  the  ratio  of  weight  of  coal  to  weight  of  tan 
as  fired  is  1  to  5.2,  then  the  heat  developed  by  each  fuel  is  practically 
the  same.  This  is  figuring  on  13,000  B.t.u.  coal,  and  ''tan  as  fired" 
containing  2500  B.t.u.  availa'  ''^.heat,  which  is  good  average  value. 

40  In  further  reference  to  iraft,  a  test  which  showed  excellent 
results  was  made  on  a  plant  operating  on  induced  fan  draft.  A  small 
proportion  of  coal  was  used  in  the  tan  furnaces  and  a  thermal  efficiency 
of  66.1  per  cent  was  found  under  regular  working  conditions,  the  CO;^ 
in  the  flue  gases  averaging  nearly  12  per  cent.  The  writer  has  also 
observed  an  oak  tan  burning  furnace  operated   tempfi>rarily  on  fan 
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draft  with  closed  ashpit.  The  combustion  was  apparently  very  good; 
a  hot  fire  was  maintained,  but  additional  care  was  required  to  keep 
blow-'holes  from  forming  on  the  grates. 

41  A  reliable  report  has  also  been  obtained  on  the  installation  of 
a  steam-induced  forced-draft  system,  applied  under  the  grate  of  a 
tan-burning  furnace.  According  to  the  report,  the  steam  used  for 
the  draft  condensed  on  the  grate  bars,  with  low  temperature  due 
to  contact  with  the  large  mass  of  wet  tan,  and  the  concern  that  made 
the  installation  after  considerable  experimenting  removed  the  appli- 
ance and  gave  up  tan  burning. 

GRATES 

42  Grates  for  tan  burning  are  made  in  different  patterns,  but 
usually  contain  from  20  per  cent  to  30  per  cent  air  space,  the  actual 
opening  between  the  bars  being  -^  in.  to  |  in.  Larger  spaces  than 
these  allow  the  tan  to  fall  through  into  the  ashpit.  A  shaking  grate 
is  hardly  necessary  for  burning  tan  alone,  owing  to  the  small  percent- 
age of  ash.  No  clinker  is  formed,  only  a  very  fragile  crust  on  the 
grate  obtains  in  three  or  four  hours.  In  some  cases  fires  are  cleaned 
only  once  in  12  hrs.  with  good  results.  Unlike  a  coal  fire,  a  tan  fire 
should  be  shaken  or  disturbed  very  little.  If  a  slice  bar  is  used  on  a 
brightly  burning  tan  fire,  dense  smoke  results  and  the  flame  is  killed 
for  some  time. 

43  The  temperature  in  the  throat  of  a  properly  designed  tan 
furnace,  burning  tan  alone,  will  reach  1500  deg.  fahr. 

44  The  depth  of  fuel  on  the  grate  varies  with  the  design  of  the 
furnace  and  the  method  of  firing.  In  ordinary  practice  the  tops  of 
the  cones  of  tan  directly  beneath  the  firing  eyes  vary  from  2  ft.  to  5 
ft.  above  the  grate  surface,  while  the  depth  of  tan  where  the  cones  meet 
will  be  from  6  in.  to  18.  in.,  depending  on  the  design  and  firing  of  the 
furnace. 

45  When  spent  hemlock  tan  forms  a  cone  from  the  conveyor- 
discharge  on  the  fireroom  floor  it  forms  an  angle  of  slide  of  about  55 
deg.  to  the  horizontal.  Inside  a  hot  furnace,  however,  this  angle 
is  about  45  cleg.,  and  in  laying  out  a  tan  furnace  the  latter  angle  is 
used  in  figuring  the  distribution  of  fuel  on  the  grate.  The  angle  of 
slide  of  tan  on  a  sloping  grate  is  39  deg.  to  41  deg.,  and  these  angles 
were  used  in  designing  the  automatic  tan  furnace  referred  to  pre- 
viously. 

46  Among  other  experiments  with  this  fuel  the  writer  has  made 
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tests  to  compare  results  of  double  settings  with  single  settings.  By 
double  setting  is  meant  a  setting  so  arranged  that  two  furnaces  dis- 
charge their  gases  into  a  common  combustion  chamber  beneath  two 
or  more  boilers.  Tests  showed  no  tangible  results  in  favor  of  either 
method  as  regards  evaporation  or  fuel  economy.  It  is  possible 
however  to  imagine  a  case  where  the  fire  in  a  furnace  might  be  in  poor 
condition,  when  if  the  setting  were  a  double  one,  the  second  furnace 
might  maintain  in  the  common  combustion  chamber  a  temperature 
sufficiently  high  to  ignite  and  burn  fuel  gases  discharged  from  the  dull 
fire  which  otherwise  would  escape  unburned.  It  is  the  opinion  of  the 
writer,  however,  that  owing  to  the  impossibility  of  laying  off  a  single 
boiler  for  cleaning  or  repairs,  a  double  setting  is  less  desirable  than 
a  single  setting.  Furthermore,  good  firing  and  handling  would  in 
any  case  offset  any  possible  advantage  of  the  double  setting. 

47  The  combustion  of  tan,  as  indicated  by  flue-gas  analyses 
made  with  an  Orsat  apparatus,  compares  most  favorably  with  the 
combustion  of  coal  in  factory  plants  where  the  same  amount  of  atten- 
tion is  paid  to  the  boiler  room.  In  fact,  the  percentage  of  CO2  runs 
higher  than  in  the  ordinary  coal-burning  plant.  For  instance, 
the  average  COj  of  17  evaporative  tests  on  different  tan-burning 
furnaces  was  11.3  per  cent;  the  lowest  average  CO2  in  any  of  the 
tests  was  4.3  per  cent,  which  represented  unusually  and  abnormally 
poor  conditions:  and  the  highest  average  COj  in  any  one  of  them  was 
16.9  per  cent.  The  CO  averages  about  0.5  to  0.6  per  cent  and  ranges 
from  practically  zero  up  to  2  per  cent. 

SUMMARY 

48  The  following  statements  concerning  tan  bark  as  a  boiler  fuel 
have  been  demonstrated  by  the  foregoing  data  and  confirmed  by 
constant  checking  in  actual  practice : 

49  Moisture.  In  condition  for  firing,  wet  spent  hemlock  tan 
usually  contains  close  to  65  per  cent  of  moisture. 

50  Available  B.t.u.  Bomb  calorimeter  tests  on  many  samples 
of  spent  hemlock  tan  give  an  average  value  of  about  9500  B.t.u.  per  lb., 
sample  being  dried  before  burning.  The  available  heat  per  pound 
as  fired,  after  subtracting  moisture  loss,  is  about  2665  B.t.u. 

51  Ratio  iveights.  Since  the  weight  of  the  spent  tan  in  the  fire 
room  is  2.13  times  the  weight  of  bark  ground  at  the  mill,  1  lb.  of 
ground  bark  produces  an  available  heat  value  of  5676  B.t.u.     Hence, 
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as  compared  to  coal  of  13,500  B.t.u.,  one  ton  of  hemlock  bark  is 
equivalent  to  0.42  ton  coal. 

52  Effect  of  leaching  on  B.t.u.  The  heat  value  of  spent  hemlock 
tan  is  not  affected  by  the  degree  of  leaching,  except  inasmuch  as  the 
actual  weight  is  affected. 

53  Chemical  composition.  The  chemical  composition  of  hemlock 
tan  (sample  containing  6  per  cent  of  oak)  was: 

C  =  51.8,  H  =  6.04,0  =  40.74,  Mineral  ash  =  1.42  per  cent 

As  a  fuel  analysis  this  is  of  interest  as  regards  the  small  amount  of 
ash  and  the  large  amount  of  oxygen. 

54  Boiler  tests.  The  actual  operation  of  tan  bark  as  a  fuel  is 
shown  by  complete  boiler  tests  made  under  working  conditions, 
records  of  which  are  given  above. 

55  hyiproved  efficiency.  A  considerable  improvement  in  efficiency 
was  produced  by  a  specially  designed  furnace  providing  automatic 
feeding,  large  combustion  space  over  fuel  and  special  draft  admis- 
sion. 

56  Tan  Presses.  The  use  of  presses  for  reducing  the  moisture 
in  the  tan  before  firing  may  be  good  economy  if  the  amount  of  tan 
compared  to  the  amount  of  coal  used  is  considerable,  and  providing 
the  grate  surface  is  properly  reduced  to  meet  the  demands  of  the 
more  rapid  combustion.  In  practice  the  grate  surface  is  sometimes 
reduced  one-third  on  the  introduction  of  tan  presses. 

57  Under  usual  tan-burning  conditions  the  total  gain  in  available 
heat  from  the  use  of  a  press  is  about  1^  per  cent  for  each  per  cent 
drop  of  moisture  content,  and  this  drop  rarely  exceeds  7  percent,  i.  e., 
a  reduction  of  moisture  from  say  65  to  58  per  cent. 

58  The  writer  is  of  the  opinion  that  the  combined  boiler  and  fur- 
nace efficiency  would  naturally  rise  considerably  when  tan  presses 
are  used,  owing  to  increased  f.urnace  temperature  and  better  combus- 
tion, although  as  shown  by  Table  7  the  thermal  efficiency  was  raised 
only  from  59  per  cent  to  59.4  per  cent,  the  moisture  in  the  tan  being 
63.6  per  cent  and  59.6  per  cent  in  the  two  tests  respectively.  This 
may  be  explained,  at  least  partially,  by  the  fact  that  the  grate  sur- 
face was  not  reduced  for  burning  the  pressed  tan. 

^59  Addition  of  coal.  As  a  result  of  special  comparative  tests, 
made  under  similar  conditions  on  the  same  furnace  and  boiler,  the 
addition  of  about. one  pound  of  coal  to  six  of  pressed^tan  increased 
the  combined  furnace  and  boiler  thermal  efficiency  from  59.4  per 
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cent  to  63.4  per  cent.  The  addition  of  coal  also  resulted  in  raising 
the  average  CO2  in  the  flue  gases  from  10.9  to  13.8  per  cent.  The 
percentage  rated  capacity  of  the  boiler  was  increased  from  92  per 
cent  (without  coal)  to  135.5  per  cent  with  coal. 

60  Although  the  above  precise  statements  were  obtained  from  a 
single  pair  of  accurate  tests,  the  writer's  subsequent  experiences  in 
many  plants  confirm  the  results  as  generally  typical;  and  it  may  be 
safely  stated  that  under  usual  working  conditions  the  addit'on  of  coal 
to  tan  produces  a  decided  increase  in  degree  of  combustion  and  a  con- 
sequent rise  of  thermal  efficiency.  The  increase  of  boiler  output 
attending  the  use  of  coal  with  tan  is  also  a  factor  of  economy  not  to  be 
disregarded. 

61  Ample  combustion  space.  One  of  the  most  important  factors, 
in  designing  furnaces  for  tan-burning,  is  that  of  ample  combustion 
space.  In  usual  tan-burning  practice  this  means  a  high  arch  over 
the  furnace.  Low-arched  furnaces  are  conducive  to  bad  combus- 
tion, whereas  furnaces  providing  an  arch  at  a  considerable  height 
above  the  fuel  on  the  grates  give  decidedly  better  combustion  and 
higher  efficiency.     (See  tests  and  discussion,  par.  23  et  seq.) 

62  Refractory  arch.  A  refractory  arch  or  similar  combustion 
arrangement  is  necessary  for  the  economic  combustion  of  tan.  Tan 
in  its  usual  condition  cannot  be  burned  in  a  common  coal-burning 
setting  without  an  arch  separating  the  fire  from  the  cooling  surface  of 
the  boiler  shell  or  tubes.  Even  when  tan  is  enriched  with  coal  to  a 
point  where  the  two  fuels  form  equal  heating  values  (about  1  lb.  coal 
to  5.2  lb.  wet  spent  tan)  good  combustion  cannot  be  obtained  in  an 
ordinary  coal  setting.  This  holds  true  both  for  hand-firing  and  auto- 
matic stoking.     (See  tests  and  discussion,  par.  27  et  seq.) 

63  Draft.  The  force  of  draft  required  in  general  practice  for  tan 
burning  is  somewhat  higher  than  that  required  for  producing  the 
same  boiler  output  with  bituminous  coal.  No  definite  figures  can  be 
given  for  force  of  draft  as  related  to  tan  burned  per  square  foot  of 
grate  surface,  owing  to  the  widely  varying  designs  of  furnaces  and 
methods  of  firing.  It  may  be  stated,  however,  that  for  full  capacity 
not  less  than  ^-in.  draft  should  be  provided  for  in  the  uptake  of  a 
horizontal  tubular  boiler,  when  the  boiler  is  set  so  that  the  gases 
flow  under  the  shell  and  through  the  tubes  directly  to  the  stack  or 
breechen. 

64  Horsepower  per  square  foot  of  grate.  The  boiler-horse  power 
obtainable  per  square  foot  of  grate  surface,  depending  upon  the  rate  of 
combustion  of  the  tan,  is  an  extremely  variable  quantity;  but  aver- 


TAN    BARK    AS    A   BOILER   FUEL  971 

aging  the  results  of  nine  typical  boiler  tests  it  may  be  said  that  undei- 
usual  condit'ons  for  oak  tan  the  boiler-horsepower  per  square  foot 
of  grate  is  about  2.08;  and  for  hemlock  tan,  1.5  boiler-horsepower 
per  square  foot  of  grate  is  an  average  figure.  As  demonstrated 
by  results  of  tests  given  in  Table  9,  the  one  factor  which  above 
all  others  influences  the  boiler  output  per  square  foot  of  grate  is 
the  method  and  comparative  excellence  of  the  firing,  very  short 
firing-intervals  producing  the  higher  output  results. 

65  Horsepower  with  coal  and  tan.  When  coal  is  burned  in  the 
same  furnace  with  the  tan  the  development  per  square  foot  of  grate 
varies  of  course  with  the  richness  of  the  mixture  and  with  the  other 
usual  conditions,  and  it  is  best  in  designing  furnaces  for  any  par- 
ticular plant  to  use  the  results  of  tests  made  under  similar  conditions. 
In  four  cases  out  of  five  selected  at  random  the  boiler-horsepower 
[)er  square  foot  of  grate  was  2.5  to  2.7. 

66  Draft  area  and  air  spaciyig.  Grates  for  tan  burning  provide 
20  to  30  per  cent  draft  area  and  the  spacing  is  from  ^  in.  to  ^  in. 

67  Clinker  and  ash.  Tan  forms  no  hard  clinker,  only  a  light  fragile 
crust,  and  a  very  small  amount  of  ash  (less  than  1^  per  cent  based  on 
dry  matter),  and  a  shaking  grate  is  unnecessary  except  when  coal 
is  fired  with  the  tan. 

68  Furnace  temperature.  Excellent  combustion  of  tan  has  given 
a  temperature  of  1500  deg.  fahr.,  in  the  throat  of  the  furnace. 

69  Single  vs.  double  setting.  As  a  result  of  comparative  tests  made 
on  single  vs.  double  settings  for  tan  burning,  the  writer  believes  that 
the  single  setting  should  have  the  decided  preference.  A  possible 
though  not  a  decided  improvement  in  combustion  is  sometimes 
obtainable  with  the  double  setting,  but  this  is  more  than  offset, 
especially  in  the  small  plant,  by  the  advantages  of  convenience  for 
cleaning,  repairs  and  adaptation  to  load  given  by  the  single  setting. 

70  Useof  wood  with  tan.  When  wood  is  used  as  a  supplementary 
fuel  to  tan  and  fired  in  the  same  furnace,  the  best  results  are  obtained 
by  first  grinding  the  wood  to  the  size  known  as  "hog  feed."  The 
firing  of  wood  in  log  or  slab  form  is  disastrous  both  to  the  furnaces 
and  to  combustion. 

71  Flue  gas  analyses.  Basing  comparison  on  flue  gas  analyses,  tan 
burns  with  a  higher  combustion  than  coal,  under  equally  favorable 
conditions.  The  large  amount  of  moisture  in  the  tan  produces  a 
comparatively  low  furnace  temperature,  even  with  good  chemical 
combustion,  and  acts  against  an  equally  high  combined  efficiency  of 
furnace  and  boiler. 
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72  The  highest  thermal -efficiency  test  obtained  gave  71.1  per  cent 
efficiency  (on  boiler  and  furnace,  based  on  available  heat  in  tan),  and 
flue-gas  analyses  during  this  test  averaged  12.4  per  cent  COj.  The 
approximate  relation  of  COo  to  efficiency  as  obtained  under  actual 
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Fig.  1     Curve  Showing  Relation  of  COo  to  Efficiency  in  Tests  on 

Tan  Alone 


running  conditions  is  shown  by  the  curve,  Fig.  1,  which  was  plotted 
from  seven  thermal  efficiency  tests  made  on  various  designs  of  fur- 
naces burning  tan  alone.  The  figure  given  at  each  point  plotted  is  the 
temperature  of  the  escaping  gases  during  the  test. 
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THE  BEST  FORM  OF  LONGITUDINAL  JOINT 
FOR  BOILERS 

By  F.  W.  Dean,  Boston,  Mass. 
Member  of  the  Society 

It  has  been  generally  accepted  in  this  country  for  a  number  of 
years,  that  the  best  form  of  butted  longitudinal  riveted  joint  for 
boilers  is  that  in  which  the  inside  strap  is  wider  than  the  outside,  and 
has  one  or  more  rows  of  rivets  which  pass  through  the  shell  and  the 
inside  strap  beyond  each  edge  of  the  outside  strap.  The  pitch  of 
the  first  row  of  outer  rivets  is  double  that  of  the  rows  that  pass 
through  both  straps,  and  if  there  are  other  outer  rows  they  may  or 
may  not  have  a  still  greater  pitch. 

2  In  England,  where  until  comparatively  recently  boiler  con- 
struction has  been  superior  to  ours,  this  form  of  joint  appears  to 
receive  no  recognition.  It  was  first  devised,  as  far  as  I  know,  by 
Dr.  E.  D.  Leavitt,  Past-President  of  the  Society,  and  Edward  Kendall, 
both  of  Cambridge,  Mass.,  and  was  first  used  by  Mr.  Leavitt  in  some 
locomotive  type  boilers  designed  by  him  for  the  Calumet  &  Hecla 
Mining  Company.  I  have  a  blueprint  of  this  boiler  dated  1879.  It 
is,  of  course,  hazardous  to  state  that  this  joint  was  never  used  before 
and  it  is  quite  possible  that  it  was  used  in  England,  discarded  and 
forgotten  as  poor  construction,  as  I  believe  it  is.  It  was  first  used 
on  an  American  locomotive  by  the  Baldwin  Locomotive  Works  in 
a  consolidation  locomotive  built  by  them  for  the  Calumet  &  Hecla 
Mining  Company,  the  drawing  of  this  joint  having  been  made  by  me 
when  I  was  in  Mr.  Leavitt's  employ. 

3  While  every  boilermaker  has  for  years  been  familiar  with  butt 
joints,  this  form  made  slow  progress  towards  adoption  in  this  country. 
One  form  of  joint  used  to  avoid  the  butt  joint  and  get  something  as 
good  was  a  lap  joint  with  an  inside  strap  bent  at  the  edge  of  the  lap 
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and  riveted  on  each  side  of  it.  This  was  used  on  locomotives  excki- 
sively,  and  was  of  little  or  no  value  as  it  was  simply  a  somewhat 
elastic  bent  tie  connecting  the  two  parts  of  the  shell  plate.  Finally, 
and  fortunately,  this  joint  gave  way  to  the  butt  joint  first  described. 

4  I  believe  there  has  been  no  case  of  an  explosion  of  a  butt-joint 
boiler;  at  least  one  due  to  rupture  of  the  joint.  Recently,  howevei-, 
a  l)oiler  at  Woonsocket,  R,.  I.,  narrowly  escaped  explosion,  a  longi- 
tudinal rupture  of  the  plate  on  one  side  of  the  joint,  and  within  its 
limits,  being  discovered  while  the  boiler  was  subjected  to  steam  pres- 
sure. The  steam  pressure  was  rapidly  reduced  and  no  explosion 
occurred.  An  account  of  this  is  given  in  Power,  January  26,  1909, 
and  the  joint  itself  is  in  possession  of  the  boiler-inspection  depart- 
ment of  the  Massachusetts  district  police  at  the  state  house  in  Boston. 

5  It  has  been  growing  upon  me  for  some  years  that  a  one-sided 
boiler  joint,  such  as  that  first  described,  is  poor  construction,  and 
may  sooner  or  later  cause  a  crack  in  the  plate.  The  Woonsocket 
phenomenon  has  tended  to  confirm  this  opinion.  It  is  evident  that 
unless  the  outside  rivets  fill  the  holes  they  do  very  little  good,  and 
when  they  do  fill  them  they  form  an  overhung  connection  and  to 
some  extent  possess  in  themselves  the  now  recognized  defect  of  the 
lap  joint.  Moreover  the  extended  inside  plate  forms  a  bent  connec- 
tion between  the  different  rivets  at  different  distances  from  the  center 
line  of  the  joint. 

6  In  many  cases  designers  have  placed  the  outside  rivets  at  a 
considerable  distance  from  the  edge  of  the  outside  strap  and  this  is 
constantly  overdone.  It  is  obvious,  on  careful  thought,  that  the 
outside  rivets  should  be  as  near  the  edge  of  the  outside  strap  as  practi- 
cable, thereby  diminishing  the  bent-tie  effect.  In  order  to  diminish 
this  effect  still  further,  and  also  to  render  the  overhung  rivets 
more  effective,  the  inside  strap  should  be  thicker  than  usual,  and  this 
feature  can  hardly  be  overdone.  The  inside  strap  should  be  at  least 
as  thick  as  the  shell  plate,  and  great  care  should  be  taken  to  have 
the  holes  match  and  the  rivets  fill  the  holes. 

7  When  a  joint  of  this  kind  is  tested  to  destruction  in  a  testing 
machine,  it  will  be  found  to  fail  somewhat  in  detail,  the  inside  strap 
bending  slightly  and  the  outside  rivets  being  the  last  to  rupture  after 
yielding  a  little.  In  a  boiler  the  joint  would  be  weaker  than  a  flat 
specimen  on  account  of  the  bent-tie  feature.  This  could  be  pre- 
vented if  it  were  practicable  to  caulk  the  inside  strap  as  it  would 
thereby  be  compelled  to  maintain  the  circular  form.  The  theoretical 
efficiency  of  this  joint  is  greater  than  of  any  other  kind,  but  in  practice 
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I  believe  the  efficienc)^  is  not  realized  and  the  defects  tliat  I  have 
described  render  the  joint,  in  my  opinion,  undesirable. 

8  In  order  to  avoid  the  defects  of  the  one-sided  butt  joint,  I  liave 
adopted  ami  intend  to  use  hereafter,  a  joint  with  both  straps  of  the 
same  width,  as  illustrated  in  Fig.  1.  This  has  the  merit  of  having  all 
rivets  in  double  shear  and  the  strains  all  taken  care  of  in  the  best 
manner.  The  efficiency  of  this  joint  can  hardly  be  above  84  or  85 
per  cent  while  that  of  the  one-sided  joint  can  be  theoretically  91  or 
92  per  cent;  but  the  certainty  that  the  efficiency  of  the  former  is 
realized  in  practice  is  ample  compensation  for  the  use  of  slightly 
thicker  plates.  The  pitch  of  the  outer  rows  of  rivets  is  rather  great, 
compelling  the  use  of  a  thick  outside  strap  in  order  to  stand  caulking 
and  remain  steam-tight.  I  use  an  equally  thick  inside  strap  in  order 
to  diminish  the  bent-tie  effect.     This  effect  is  small,  however,  as  the 
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Fig.  1,    Recommended  Form  of  Longitttdinal  Joint 


rivets  are  all  near  the  center  of  the  joint.  It  can  be  eliminated  by 
caulking  the  inside  strap,  which  is  practicable  with  this  joint,  and  is 
done  in  the  best  marine  practice.  This  assumes  that  the  caulking  is 
effective  and  remains  so. 

9  While  upon  this  subject,  it  is  well  to  call  attention  to  the  per- 
fection with  which  the  longitudinal  joints  of  boiler-plate  cylinders 
can  be  welded,  as  has  been  demonstrated  for  many  years  with  corru- 
gated furnaces  and  more  recently  with  soda  digesters.  While  the 
joints  of  corrugated  furnaces  are  in  compression  those  of  digesters 
are  in  tension,  and  their  proved  safety  should  be  sufficient  to  over- 
come any  timidity  concerning  the  perfection  and  safety  of  welded 
joints.  Circumferential  are  not  so  easily  welded  as  longitudinal 
joints,  and  it  is  of  course  of  little  importance  in  boilers  that  they  should 
be  welded. 


AN  EXPERIENCE  WITH  LEAKY  VERTICAL 
FIRE-TUBE  BOILERS 

By  F.  W.  Dean,  Boston,  Mass. 
Member  of  the  Society 

In  1905  I  made  a  design  for  a  large  vertical  fire-tube  boiler,  two 
of  which  were  built,  to  be  placed  on  a  brick  fire  box  provided  with  a 
chain  grate.  In  accordance  with  a  great  number  of  precedents  the 
water  leg  was  short,  being  in  fact  2  ft.  deep  below  the  underside  of 
the  crown  sheet.  Unusual  provision  was  made  for  easy  circulation 
by  wide  spaces  between  tubes  at  every  45  deg.  of  the  circumference 
instead  of  the  customary  90  deg.  or  as  in  some  cases  at  180  deg. 
The  distance  from  the  top  of  the  grate  to  the  underside  of  the  crown 
sheet  was  7  ft.  The  following  are  the  general  dimensions  of  the 
boilers  as  they  now  are: 

Inside  diameter  of  smallest  course  of  shell 120J  in- 
Inside  diameter  of  largest  course  of  shell 122^  in- 
Inside  diameter  of  water  leg 112  in- 

Height  of  water  leg 7  ft.  2J  in. 

Height  of  brick  furnace 5  ft.  8  in. 

Distance  from  grate  to  tube  plate' 12  ft.  2f  in. 

Outside  diameter  of  tubes 2^  in. 

Length  of  tubes 20  ft.  0  in. 

Number  of  tubes 488 

Pressure  for  which  the  boiler  was  designed 165  lb. 

Ivind  of  grate B.  &  W.  chain 

Size  of  grate 8  ft.  6  in.  by  9  ft.  0  in. 

Grate  area 76.5  sq.  ft. 

Water  heating  surface,  say 4900  sq.  ft. 

Superheating  surface 1181  sq.  ft. 

Total   heating   surface 6081  sq.  ft. 

2  The  boilers  were  designed  for  S.  D.  Warren  &  Compan}^  and 
were  used  in  their  paper  mill  at  Cumberland  Mills,  Me.  They  were 
built  l)y  the  Portland  Company  of  Portland,  Me.     Each  boiler  was 
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rated  at  500  h.p.,  or  substantially  1  h.p.  for  every  10  sq.  ft.  of  water- 
heating  surface,  and  was  expected  to  work  at  1000  h.p.  a  good  portion 
of  the  time.  Artificial  induced  draft  was  used  and  it  was  possible  to 
obtain  a  draft  of  2^  in.  of  water  in  the  smoke  box. 

3  At  the  back  end  of  the  chain  grate,  instead  of  a  water  back  or  a 
brick  back,  a  vertical  or  slightly  inclined,  common  grate  was  used, 
against  which  the  unconsumed  coke  would  accumulate,  and  under 
which  the  ashes  would  pass  and  fall  upon  the  ashpit  floor.  Difficulty 
was  found  in  maldng  the  coke  accumulate  uniformly  and  the  ends  of 
this  grate  were  frequently  bare, 

4  The  boilers  were  started  gently  and  then  operated  at  high 
capacity.  After  about  two  weeks  a  number  of  the  tubes  began  to 
leak  at  the  lower  ends.  They  were  expanded,  but  shortly  began  to 
leak  again,  and  this  process  was  repeated  until  the  tubes  were  so 
injured  that  they  could  not  be  further  expanded.  They  were  then 
removed  and  new  ends  were  welded  on,  but  after  a  comparatively 
short  time  they  leaked  again.  The  leaks  were  more  on  the  back  half 
of  the  boilers  than  on  the  front.  In  winter  when  a  nearby  door  in  the 
building  was  open  and  cold  air  blew  on  the  vertical  grate,  when 
the  ends  of  the  grate  were  bare,  the  leakage  would  increase.  After 
learning  how  to  keep  the  vertical  grate  covered,  and  keeping  the 
door  closed,  the  general  trouble  continued. 

5  Knowing  the  sensitiveness  to  dirt  on  the  crown  sheet  of  vertical 
fire-tube  boilers,  as  the  design  permitted  access  to  the  interior,  these 
crown  sheets  were  examined  and  found  to  be  clean.  Thinking  that 
possibly  some  invisible  oil  had  entered  the  boilers  in  some  way,  one 
of  the  boilers  was  boiled  out  with  caustic  soda,  but  with  no  effect. 

6  The  opinions  of  several  boiler  experts  were  obtained,  but  they 
differed  and  were  unsatisfactory.  One  thought  that  the  workman- 
ship was  poor,  another  that  the  design  was  the  worst  he  had  ever 
seen.  Another  thought  that  the  tube  plates  were  too  hmberand 
even  recommended  riveting  crown  bars  to  them  to  stiffen  them. 

7  Spring  Hill  coal  from  Nova  Scotia  was  used  at  first,  followed 
l)y  New  River  coal  from  West  Virginia.  With  the  Spring  Hill  coal 
the  lower  ends  of  the  tubes  quickly  became  incrusted  with  clinker, 
and  were  finally  closed  by  it  and  a  little  later  the  clinker  would  hang 
in  stalactites  from  the  tube  ends.  Not  all  of  the  ends  would  be 
closed,  but  this  was  the  case  with  a  large  proportion  of  them. 
With  New  River  coal  there  was  less  trouble.  Spring  Hill  coal  was 
satisfactory  under  horizontal  boilers  and  never  plastered  over  the 
tubes;  in  the  vertical  boilers,  however,  the  incrustation  was  so  hard 
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that  it  had  to  be  removed  with  chisels.  This  incrustation  was  of 
course  moulten  earthy  matter  injected  by  the  draft  against  the  tubes 
and  tube  plate  and  there  congealed  by  the  comparatively  low  tem- 
perature of  the  metal.  In  the  horizontal  boilers  it  falls  to  the  bottom 
of  the  setting  before  it  arrives  at  the  tubes.  In  water-tube  boilers 
it  can  be  seen  adhering  to  the  lower  tubes. 

8  The  existence  of  this  incrustation  probably  furnishes  the  explan- 
ation of  the  tube  leakage.  As  a  large  proportion  of  the  tubes  became 
stopped  up  the  others  had  to  pass  all  the  hot  gases,  the  water  about 
their  ends  was  probably  driven  away  and  they  became  very  much 
overheated,  causing  them  to  over-expand,  to  become  upset,  and  at 
some  later  time,  when  they  became  cooler,  to  be  loose  in  the  holes. 

9  As  a  last  resort,  when  it  seemed  as  if  the  boilers  must  be  con- 
signed to  the  scrap  heap,  someone  suggested  that  to  lengthen  the  fire- 
box and  raise  the  boilers  by  the  amount  of  the  extension  might  cure 
the  trouble.  One  boiler  was  thus  altered,  started  August  31, 1908  and 
run  at  the  estimated  rate  of  1100  h.p.  24  hr.  per  day  for  some  three 
months,  without  the  slightest  leakage,  although  the  tubes  were  very 
thin  from  over-expansion.  The  other  boiler  was  then  altered,  and 
started  February  25,  1909.  When  the  first  boiler  was  worked  at  the 
estimated  rate  of  1100  h.p.  it  consumed  84,000  lb.  of  New  River  coal 
in  24  hr.,  burning  it  at  the  rate  of  46  lb.  per  sq.  ft.  of  grate  per  hr. 
Neither  boiler  has  leaked  up  to  the  time  of   presenting  this  paper. 

10  The  distance  from  the  grate  to  the  tube  plate  is  now  12  ft.  2f 
in.  There  is  some  incrustation,  but  it  is  light,  brittle  and  easily 
ci'ushed,  and  can  be  blown  off  by  a  rotating  multiple  tube-blower  in 
the  smoke  box.  The  tubes  are  conveniently  and  quickly  blown  in 
this  way  every  three  or  four  hours. 

11  The  boiler  plant  at  this  mill  consists  of  Babcock  &  Wilcox 
boilers,  90-in.  horizontal  return  tubular  boilers,  and  the  two  vertical 
boilers  described.  The  latter  were  intended  to  reduce  the  space 
occupied,  both  on  the  floor  and  above.  The  rear  drum  of  the  chain 
grate  is  exposed  and  the  clinker  is  dropped  at  the  back  end,  where  it 
is  easily  removed  without  inconvenience  to  the  fireman.  Above  is 
room  for  the  smoke  flues  and  economizer,  which  with  other  types 
of  boiler  would  have  been  placed,  in  this  case,  with  difficulty. 

12  After  these  boilers  had  been  operated  long  enough  to  show 
that  they  were  reliable  and  a  good  investment,  it  was  decided  to  test 
one  of  them,  with  the  results  given  in  the  tables. 

13  While  the  evaporation  is  good  it  is  not  satisfactory.  The 
function  of  a  boiler  is  to  absorb  the  heat  generated  in  a  furnace.     The 


BEFORE    ALTERATION 
Fig.  1     Boiler  Before  Auteration 


AFTER    ALTERATION 
FiQ.  2  Boiler  After  Alteration 
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furnace  efficiency  may  be  poor  and  the  boiler  efficiency  good,  and 
that  was  the  case  during  these  trials.  The  best  furnace  result  occurs 
when  the  carbon  is  burned  to  COj  with  as  little  surplus  air  as  prac- 
ticable. In  these  trials  the  COj  was  low  and  some  CO  was  nearly 
always  found.  It  was  impossible  to  get  any  better  combustion  for 
reasons  which  I  do  not  know.  Experiments  will  probably  be  made 
to  ascertain  this  and  overcome  the  trouble.  It  might  disappear  with 
another  land  of  stoker. 

14  That  the  boiler  efficiency  was  good  is  evident  from  the  low 
temperature  of  the  escaping  gases,  when  developing  over  1000  h.p., 
which  is  at  the  rate  of  less  than  5  sq.  ft.  of  water  surface  per  horse- 
power. It  will  be  noticed  that  the  evaporation  was  best  on  combus- 
tible when  the  boiler  was  operated  at  double  its  rated  horsepower. 
It  was  found  impossible  to  keep  the  horsepower  down  to  500.  This 
could  only  be  done  by  reducing  the  grate  area. 

15  An  interesting  result  of  the  tests  is  that  the  superheat  was 
the  same  at  all  rates  of  power. 

16  Returning  again  to  the  matter  of  clinker  on  tubes,  it  occurs 
on  locomotives  which  burn  anthracite  coal,  and  I  understand  on 
locomotives  of  the  Boston  &  Maine  Railroad  that  burn  coke.  In  the 
latter  case  coke-burning  locomotives  cannot  be  used  on  long  runs, 
but  whether  a  better  quality  of  coke  would  be  more  successful  I  do 
not  know.  Professor  Denton  has  informed  me  that  clinker  accu- 
mulated on  the  boiler  tubes  of  a  Transatlantic  stfeamship  on  which  he 
was  a  passenger  to  such  an  extent  that  men  were  sent  into  the  com- 
bustion chambers  to  remove  it.  He  also  referred  to  a  Manning  boiler 
on  which  this  trouble  occurred. 
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TABLE   1     TESTS  OF  BOILERS 


Time 


Draft 


Tempera 
ture 


CO2 

April  29,  1909 


CO 


8.35-  9.00 

0.75 

575 

7.6 

11.2 

0.0 

80.6 

9.05-  9.30 

full 

575 

10.0 

9.0 

0.3 

80.7 

9.35-10.00 

full 

575 

7.2 

12.2 

0.1 

80.5 

10.05-10.30 

full 

575 

7.0 

12.8 

0.3 

79.9* 

10.35-11.00 

full 

580 

7.8 

11.2 

0.1 

80.9 

11.05-11.30 

full 

600 

7.0 

12.8 

0.2 

80.0 

11.35-12.00 

full 

620 

7.8 

11.6 

0.1 

80.5 

12.05-12.30 

full 

620 

8.2 

10.7 

0.2 

80.9 

12.35-  1.00 

full 

610 

S.2 

11.5 

0.5 

79.8 

1.10-   1.30 

full 

585 

7.7 

12.3 

0.1 

79.9* 

1.40-2.10 

full 

600 

8.2 

12.3 

0.2 

79.3 

2.20-2.50 

full 

625 

7.4 

12.2 

0.1 

80.3* 

3.00-3.25 

full 

585 

7.0 

13.3 

0.0 

79.7 

3.35-4.00 

full 

600 

4.8 

14.8 

0.0 

80. 4t 

4.05-4.30 

full 

610 

7.8 

12.0 

0.3 

79.9 

4.35-5.05 

full 

615 

8.3 

10.9 

0.2 

80.6 

5.10-5.25 

full 

640 

8.8 

10.6 

0.4 

80.2 

5.30-5.50 

full 

620 

8.4 

April  30,   1909 


8.05-8.30 

0.5 

575 

8.3 

11.2 

0.3 

80.2 

8.37-  9.05 

0.5 

540 

8.3 

11.1 

0.1 

80.5 

9.15-  9.37 

0.5 

13.5 

5.3 

0.8 

80. 4t 

9.45-10.10 

0.4 

500 

10.7 

7.8 

0.9 

80. 6t 

10.20-10.45 

0.2 

500 

10.0 

8.7 

0.4 

80. 9t 

11.05-11.30 

0.2 

510 

11^0 

7.4 

0.6 

81.0 

11.35-12.00 

0.2 

520 

9.6 

8.8 

0.8 

80.8 

12.05-12  30 

0.2 

525 

7.9 

11.8 

0.2 

80. 1§ 

12.35-  1.10 

0.2 

500 

6.7 

12.7 

0.0 

80.6 

1.15-  1.45 

0.2 

525 

7.9 

12.2 

0.2 

79.7 

1.50-  2.25 

0.2 

515 

7.1 

12.5 

0.1 

80.3 

2.30-  3.00 

0.2 

485 

7.0 

11.6 

0.1 

81.3 

3.05-  3.35 

0.2 

520 

6.3 

13.9 

0.0 

79.8* 

3.40-  4.00 

0.2 

560 

7.4 

May  1, 

1909 

8.00-  9.00 

520 

7.3 

13.3 

0.0 

79.4 

9.15-10.00 

0.8 

525 

7.2 

12.8 

0.0 

80.0 

10.00-10.55 

0.8 

5.0 

14.5 

0.0 

80.5 

11.05  11.40 

0.9 

530 

7.7 

11.6 

0.2 

80.5 

12.45-  1.30 

0.7 

530 

9.0 

1.30-  2.30 

0.7 

560 

8.6 

10.4 

0.3 

80.7 

2.40-  3.30 

0.7 

555           j 

6.0 

13.2 

0.0 

80.8 

*Cleaned    fire. 
tThin  on  backside. 


tFire  thick  and   banked. 
§Fire    thinner. 
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TABLE  2     RESULTS  OF  BOILER  TRIALS 

Running  Start-and-Stop  Method  of  Trial,  Vehtical  Fire-Tube  Boiler,   New  River 

Slack  Fuel 


I  II! 

1     Date  of  trial  Apr.    29       Apr.    30        May  1 


2  Duration  of  trial,  hours. . . 

3  Number  of  boilers  in  use. 


27 

28 

29 
30 
31 
32 


DIMEN.S10NS    AND    PROPORTIONS 

Grate  surface  8  ft. 6  in.  by  9  ft.  0   in.,  square  feet. 

Water-heating  surface,  square  feet 

Superheating  surface,  square  feet 

Total  heating  surface,  square  feet 

Ratio  total  lieating  surface  to  grate  surface 


average    pressures  I 

Steam  pressure,  by  gage,  per  square  inch,  pounds.  .  .  . 

Atmospheric  pressure  per  sq.  in.,  pounds 

Absolute  steam  pressure  per  square  inch,  poimds.  .  .  . 

Force  of  draft  in  column  of  water  between  damper  and 

boiler,  inches \ 

AVERAGE    temperatures  I 

External  air 

Feed-water  before  entering 

Escaping  gases  after  leaving 

Steam 


Moist  coal  consumed,  pounds 

Moisture  in  coal,  per  cent 

Dry  coal  consumed,  pounds 

Wood  consumed,  poimds 

Total  dry  refuse,  pounds 

Total  dry  refuse,  per  cent 

Total  combustible,  pounds 

Dry  coal  consumed  per  hour,  pounds. 

QUALITY  OF  STEAM 

Moisture,  per  cent 

Degrees  superheated 


7 

8 

8 

one 

one 

one 

76.5 

76.5 

76.5 

4900 

4900 

4900 

1181 

1181 

1181 

6081 

6081 

6081 

79.5 

79.5 

79.5 

129.8 

124.3  ' 

126.8 

14.7 

14.7 

14.7 

144.5 

139.0 

141.5 

1.47 


BRITISH  THERMAL  UNITS 

Number  of  heat  tmits  in  a  pound  of  dry  coal,  by  oxygen 

calorimeter 

Number  of  heat  imits  in  a  pound  of  combustible,  by 

oxygen  calorimeter 

Specific  heat  of  superheated  steam  at  constant  pressure 
Heat  units  absorbed  per  pound  of  steam  generated.  .  . 
Heat  units  imparted  to  boiler  per  pound  of  dry  coal 
Heat  units  imparted  to  boiler  per  pound  of  combustible 


14,759 


EFFICIENCIES 

33  I  Efficiency  based  on  dry  coal,  per  cent.  .  .  . 

34  I  Efficiency  based  on  combustible,  per  cent. 

I  FACTORS    OF    EVAPORATION 

35  Factor    of    evaporation     


0.28 


14,759 


0.63 


38     '' 

35 

39 

50.6 

63.6 

58.2 

609.1     ' 

517.3 

558.6 

372 

369 

371 

24,192 

17,030 

21,782 

3.06 

1.45 

4.55 

23,452 

16,783 

20,791 

0 

0 

0 

2361 

1310 

1650 

10.02 

7.8 

7.94 

21,091 

15,473 

19,141 

3013 

1934     ' 

2393 

0.00 

0.00 

0.00 

17 

17 

17 

14,759 


15,760 

15.760 

15,760 

0.61 

0.61 

0.61 

1182 

1174 

1167 

9901 

10,075 

9893 

11,009 

10,929 

10,746 

67.1 

68.3 

67.0 

70.0 

69.3 

68.2 

1.224 


1.215 


1.209 
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TABLE  2     RESULTS  OF  BOILER  TRIALS.— Continued 


Date  of  trial 


Apr.  29 


Apr.  30         May  1 


I  WATER 

36  Total  water  pumped  into  boiler,  poui  Is 

37  Water  actually  evaporated,  correcte  !  for    quality    )f 
i         steam 

38  I  Equivalent  water  from  and  at  212   deg.  fahr.,  pouud-s 

39  Equivalent  water  from  and  at  212  deg.  fahr.,  perlicur, 

pounds 


196,441    144,025    178,250 


40 
41 

42 

43 

44 

45 
46 
47 

48 
49 

50 


EVAPORATIVE  PERFORMANCE 

Water  actually  evaporated    per    pound   of  dry   coal,! 

pounds 

Equivalent  per  pound  of  dry  coal  from  and  at  212  deg. 

fahr.,  excluding  economizer,  pounds 

Equivalent  per  pound  of  combustible  from  and  at  212 

deg.  fahr.,  excluding  economizer,  pounds 

COMMERCIAL    HORSEPOWER 

On  basis  of  34i  lb.  of  water  from  and  at  212  deg.  fahr., 
per  hour,  by  boiler  h.  p 

Heating  surface  of  water  surface  per  horsepower,  square 
feet 

Horsepower  per  square  foot  of  grate  surface,  h.p 

Rated  horse  power 

Percentage    developed    above    rating 

RATE    OF   COMBUSTION 

Dry  coal  actually  burned  per  square  foot  of  grate  sur- 
face per  hour,  pounds 

Dry  coal  burned  per  square  foot  of  water-heating  sur- 
face,  per  hour,   pounds 

RATE  OF  EVAPORATION 

Water  evaporated  per  square  foot  of  heating  surface 
per  hour  from  and  at  212  deg.  fahr.,  pounds 


198,185 

145,321 

179,854 

242,578 

176,633 

217,444 

34,654 

22,079 

27,193 

8.45 

8.66 

8.65 

10.34 

10.52 

10.46 

11.50 

11.42 

11.36 

1005 


39.1 
0.61 


7.05 


640 


25.3 
0.39 


4.50 


788 


4.87 

7.66 

6.22 

3.14 

8.36 

10.30 

500 

500 

500 

101     1 

28 

58 

31.3 
0.49 


5.55 


DISCUSSION  AT  WASHINGTON 
MEETING 

TESTS  ON  COMPRESSED-AIR  PUMPING 
SYSTEMS  OF  OIL  WELLS 

By  Edmund  M.  Ivens,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

This  paper  comprises  a  brief  general  description  of  the  compressed- 
air  plants  of  the  various  concerns  operating  on  the  Evangeline,  La., 
oil-fields,  with  an  explanation  of  the  terms  as  applied  to  pneumatic 
pumping;  and  deals  especially  with  the  systems  of  pumping  formerly 
used  in  the  oil  wells  as  compared  with  an  improved  system  which  has 
replaced  the  earlier  ones.  A  series  of  tests  is  given  showing  the  cost 
of  operation,  efficiency,  etc.,  of  the  new  and  old  systems. 

DISCUSSION 

F.  A.  Halsey,  The  air-lift  pump  is  one  of  those  things  of  which 
(^ur  knowledge  is  almost  exclusively  experimental.  Its  analysis  pre- 
sents such  serious  difficulties  that  rational  equations  for  the  perform- 
ance of  the  apparatus  have  not  been  derived  by  anyone  to  my 
knowledge.  Under  these  circumstances,  we  are  reduced  to  experi- 
ment for  the  determination  of  the  fundamental  laws  of  the  perform- 
ance of  the  apparatus,  and  these  experiments  should  cover  a  wide 
range  in  the  conditions  which  lead  to  variation  in  the  performance 
of  apparatus,  namely,  depth  of  submergence  and  lift. 

2  The  most  complete  experiments  now  on  record  were  presented  in 
a  paper  before  the  British  Institution  of  Civil  Engineers  in  1906,* 
these  experiments  being  of  sufficiently  wide  scope  to  supply  a  satis- 
factory guide  for  the  design  of  these  pumps  under  a  considerable 
range  of  conditions. 

3  One  curious  feature  attends  the  l^ehavior  of  the  air-lift  pump  and 
the  Taylor  liydraidic  air  c()mi)ressor,  which  are  essentially  the  same 

♦Abstracted  in  the  American  Machinist,  August  16,  1006, 
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apparatus,  reversed  in  action.  In  each  case  we  have  a  pair  of  vertical 
pipes  communicating  at  the  bottom,  one  filled,  with  water  and  the 
other  with  a  mixture  of  air  and  water — a  sort  of  suds.  If  the  pipes 
are  of  indefinite  length  the  columns  will  take  levels  corresponding  with 
their  respective  gi-avities,  but  if  the  suds  pipe  is  cut  off  below  this 
level  it  will  overflow,  the  suds  will  rise,  and  we  have'an  air-lift  pump: 
while  on  the  contrary,  if  the  water  pipe  is  cut  off  below  this  level,  it 
will  overflow,  the  column  of  water  will  rise,  and  we  have  a  Taylor 
hydraulic  air  compressor.  The  point  to  which  I  refer  is  that  while  the 
first  of  these  constructions  has  a  low,  the  second  has  a  high  efficiency. 
The  highest  figure  given  in  this  paper  for  the  efficiency  of  the  pump  is 
about  28  per  cent,  and  while  40  per  cent  has  been  reached  in  exceptional 
cases,  the  average  is  probably  not  more  than  20  per  cent.  On  the 
other  hand,  the  efficiency  of  the  hydraulic  air  compressor  is  in  the 
vicinity  of  75  or  80  per  cent. 

Dr.  Sanford  A.Moss.  The  method  used  by  the  author  for  computa- 
tion of  volumetric  efficiency  is  subject  to  serious  inaccuracies,  as  he 
points  out.  For  the  purpose  of  the  tests  in  question,  where  relative 
rather  than  absolute  volumetric  efficiencies  are  desired,  the  method 
is  quite  proper.  The  volumetric  efficiencies  given  must  be  understood 
to  be  relative  and  not  absolute,  however,  as  the  errors  may  be  quite 
serious.  I  have  used  the  method  which  the  author  states  he  would 
have  preferred  for  ascertaining  volumetric  efficiency.  Par.  23,  and 
found  it  very  good.  Everything  operated  as  would  be  expected  and  a 
reputable  value  of  volumetric  efficiency  was  obtained.  In  one  case, 
the  method  as  given  in  Par.  23  was  checked  by  use  of  calibrated  ori- 
fices, and  also  by  use  of  a  single  tank  with  rise  of  pressure,  the  rate 
of  increase  of  pressure  when  the  pressure  reached  the  rated  value 
giving  the  desired  volumetric  efficiency.  All  three  methods  checked 
very  closely.  The  volumetric  efficiency  in  this  case  was  58  per  cent, 
showing  the  serious  losses  which  can  occur  due  to  the  inaccuracies 
mentioned. 

J.  G.  Callan.^  Par.  21  to  Par.  23,  with  diagram  (Fig.  7),  refer  to 
the  method  of  determining  the  efficiency  of  the  air  compressor,  and 
Mr.  Ivens  states  in  Par.  23  the  method  which  he  would  have  preferred 
for  determining  this  quantity. 

2  The  method  of  pumping  up  pressure  in  a  large  tank  is  open  only 
to  the  objection  that  the  large  tank  is  rarely  obtainable,  particularly 

'General  Electric  Co.,  Schenectady,  N.  Y. 
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wlien  the  pressures  which  it  is  proposed  to  use  are  high,  and  the  vol- 
ume large.  A  more  available  and  almost  equally  exact  method  is 
afforded  by  the  use  of  calibrated  orifices  of  which  the  discharge  coeffi- 
cient has  been  duly  determined.  These  orifices  can  be  used  in  con- 
nection with  well-known  formulae,  which  involve  a  knowledge  of 
corrected  pressure  and  temperature  of  air  delivered  to  orifice,  and  of 
velocity  and  temperature  of  emergent  jet,  all  factors  which  can  be 
readily  and  accurately  determined. 

3  The  losses  of  a  compressor  are  so  considerable  and  so  complex 
that  the  assumption  of  volumetric  efficiency  from  the  indicator  card 
may  be  in  error  by  extremely  large  percentages  and  is  quite  as  likely 
to  be  misleading  as  enlightening,  unless  results  are  strictly  compara- 
tive rather  than  absolute.  The  value  of  the  present  tests  would  appar- 
ently be  somewhat  affected  by  the  errors  in  this  method  of  determin- 
ing delivery,  since  certain  elements  of  compressor  loss  would  assume 
different  percentage  values  with  different  discharge  rates. 

4  This  brings  up  the  desirability  of  some  well-understood  stand- 
ardized method  of  testing  compressors  and  other  apparatus  for  deliver- 
ing air.  Commercial  loss  is  certain  to  arise  from  the  considerable 
variations  in  terminology  and  a  definition  of  terms  by  an  authorita- 
tive body  such  as  this  Society  would  be  of  marked  advantage.  For 
example,  volumetric  efficiency  undoubtedly  should  mean  the  ratio 
between  the  air  actually  discharged  (when  restored  to  standard  atmos- 
pheric conditions  of  temperature  and  pressure)  to  the  air  which  would 
have  been  discharged  had  the  compressor  cylinder  been  completely 
filled  on  each  stroke  with  air  under  standard  atmospheric  conditions, 
and  had  all  the  air  displaced  been  completely  discharged.  The  exact 
method  of  determining  the  approximation  of  real  to  theoretical 
discharge  obviously  should  be  only  a  secondary  consideration  in  such 
a  definition,  but  could  properly  be  taken  up  as  corollary. 

5  The  segregation  and  determination  of  losses  in  air  compressors 
of  different  types  form  an  interesting  and  useful  line  of  investigation 
upon  which  little  has  been  published.  A  considerable  amount  of 
work  with  which  I  am  familiar  indicates  that  these  losses  are  usually 
materially  greater  than  the  customary  assumptions,  particularly  in 
compressors  which  have  been  in  service  for  some  time.  Various 
methods  have  been  devised  for  independently  estimating  loss  due  to 
heating  of  intake,  leakage  of  inlet,  discharge  valves  and  piston,  clear- 
ance loss,  throttling,  and  losses  due  to  improper  setting  of  mechanical 
valve  gears,  but  usually  these  determinations  will  involve  more  labor 
than  a  direct  measurement  of  air  output  by  orifice  and  impact  tube. 
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It  is  my  belief,  however,  tliat  the  computation  which  neglects  all  of 
those  losses  except  the  clearance  loss,  particularly  where  the  pressui'e 
is  high  ;ui(l  the  ccimpressor  is  somewhat  worn,  is  almost  sure  to  be 
very  gravely  in  error. 

The  Author.  The  discussions  of  the  paper  on  oil-well  pumping 
presented  at  the  Washington  meeting  were  centered  on  the  method 
of  ascertaining  volumetric  efficiency  of  air  compressors.  The  object 
of  the  paper  was  rather  to  compare  the  relative  efficiencies  of  various 
air-lift  systems  when  being  opei'ated  on  extremely  high  pumping 
heads.  However,  as  all  the  discussions  were  agreeable  to  the  writer's 
vi'^ws  and  methods,  there  is  no  i-oom  for  argument. 


SOME  PROPERTIES  OF  STEAM 

Bv  Prof.  R.  C.  H.  Heck,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

Recent  information  as  to  the  pressure-temperature  relation  for 
saturated  steam,  and  the  specific  heat  of  water,  is  presented  in  this 
paper.  The  author  summarizes  the  important  work  of  Holborn  and 
Henning  and  gives  their  table  in  English  measures,  showing  the  pres- 
sure 'p  for  each  deg.  fahr.  from  32  deg.  to  402  deg.;  also  the  rate  of 
change  d'p/dt  derived  b}'  him,  which  is  sufficiently  exact  for  effective 
use  in  calculating  specific  volume. 

On  the  subject  of  the  specific  heat  of  water,  the  author  graphically 
compares  the  results  of  Regnault,  Barnes  and  Dieterici,  together  with 
the  values  used  b}'  Peabody;  and  expresses  an  opinion  in  favor  of 
Dieterici.  He  also  discusses  the  relative  magnitude  of  the  "mean" 
heat  unit  and  of  that  at  15  deg.  cent.,  recommending  the  use  of  a  con- 
version factor  of  the  value  0.001 1,  or  1  in  900,  as  decidedly  preferable 
to  the  change  in  the  numerical  value  of  the  mechanical  equivalent 
of  heat  which  must  accompany  the  adoption  of  the  mean  unit. 

DISCUSSION 

Dr.  Sanford  A.  Moss.  In  Regnault's  original  paper  on  pressure 
and  temperature  of  saturated  steam  was  given  an  empirical  formula, 
first  suggested  by  Roche,  but  reconstructed  by  Regnault  and  called 
"Formula  K."  This  represented  Regnault's  results  more  closely 
than  any  other  single  formula  and  has  also  been  shown  to  represent 
other  experimental  results,  particularly  those  for  very  high  pressures 
and  temperatures.  This  formula  was  discussed  by  Ramsey  and  Young 
in  the  Philosophical  Transactions,  Vol.  183,  1S92,  page  111,  and  also 
in  London  Engineering,  Vol.  S3,  January-  4,  1907.  I  have  given 
some  discussion  of  this  matter  in  the  Physical  Review,  Vol.  25,  No.  6, 
December  1907.  It  would  be  interesting  if  Professor  Heck  would 
give  a  comparison  of  the  values  of  his  table  with  those  computed  by 
tills  formula.  If  it  can  be  demonsti'ated,  as  is  the  conclusion  in  the 
papers  above  mentioned,  that  this  formula  represents  all  of  the  experi- 
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mental  results  very  closely,  it  is  highly  desirable  that  it  be  used. 
Thermodynamic  computations  can  be  carried  on  very  readily,  if  we 
have  a  single  formula  for  the  entire  range. 

Prof.  G.  A.  Goodenough.^  Since  the  experimental  results  of 
Holborn  and  Henning  have  been  generally  accepted,  it  seems  highly 
desirable  to  have  an  analytical  relation  that  will  express  these 
results  with  a  sufficient  degree  of  accuracy.  For  this  purpose,  the 
formula  of  Bertrand, 

T 

\ogp  =  k  -n  log  ^ [1] 

T  —  a 

seems  to  be  quite  suitable.  In  this  formula  k,  n  and  a  are  constants 
and  T  denotes  the  absolute  temperature. 

2  The  values  of  the  constants  can  be  so  chosen  that  the  formula 
will  give  fair  results  throughout  the  ordinary  range  of  temperatures 
with  one  set  of  constants.  A  closer  agreement,  however,  is  obtained 
by  dividing  the  temperature  range  into  three  parts.  The  values  of 
the  constants  are: 

k  =  6.23167,  a  =  140.1  n  =  50 
k  =  6.30217,  a  =  141.43  n  =  50 
k  =  6.27756,  a  =  140.8      n  =  50 


[2] 


For  t 

=    32  deg. 

-    90  1 

deg., 

Fori 

=    91  cleg. 

-  237  deg.. 

For  t 

=  238  deg. 

-  400  deg.. 

3 

The  derivative  — 
dt 

take! 

dp 

dt 

from  which  follows 


takes  the  simple  form 

pna 
fjf'-a) 

^    dT  =  T-a  ^'^J 

dx) 
This  relation  is  important  since  the  product  T  ~^  appears  in  the  Clapey- 

ron-Clausius  formula  for  steam  volume.     Table  1  shows  a  comparison 

of  the  values  of  p  and  --  calculated  from  Formulae  1  and  2,  respect- 
dt 

ively,  with  the  values  obtained  by  Professor  Heck. 
[^4     It  will  be  seen  that  the  maximum  difference  between  the  cor- 
responding values  of  p  is  about  0. 1  per  cent.     The  maximum  difference 
between    the    corresponding   values    of  the    derivative   is   greater. 
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COMPARISON  OF  VALUES  OF  p  AND 


dp 


t 

P 

Hkck's  value 

0.0SS6 

P 
Bertranu's 

KOHMULA 

0.0885 

dp/dl 
Heck 

dp/dt 
Bertrand's 

FORMULA 

32 

0.003575 

0.003588 

50 

0.1780 

0.17S1 

0.00663 

0.006625 

7.5 

0 . 42S9 

0 . 4288 

0.01425 

0.014245 

100 

0.9462 

0.9455 

0.02849 

0.028575 

12") 

1.9382 

1.9387 

0.05295 

0.052921 

150 

3.7141 

3.7144 

0.0921 

0.092041 

175 

6.714 

6.711 

0.1519 

0.15165 

200 

11.527 

11.523 

0.2384 

0.23843 

225 

18.913 

18.921 

0.3591 

0.35985 

250 

29.820 

29.834 

0.5210 

0.52039 

275 

45.40 

45.382 

0.7334 

0.73248 

300 

66.98 

66.94 

1.0035 

1.0027 

325 

96.11 

96.07 

1.339 

1.3390 

350 

134.51 

134.50 

1.746 

1.7489 

375 

184.07 

184.18 

2.231 

2.2394 

400 

246.93 

247.20 

2.807 

2.8167 

Evidently  this  is  due  to  the  fact  that  the  vahies  of  —  were  obtained 

dt 

by  Professor  Heck  (and  also  by  Professor  Peabody)  by  a  method 
involving  some  approximation;  and  it  is  likely  that  the  values  calcu- 
lated from  Formula  2  are  the  more  reliable. 

5  A  great  advantage  of  Bertrand's  formula  lies  in  the  ease  with 
which  it  may  be  used  in  calculation.  This  is  shown  by  the  following 
scheme,  which  is  copied  from  calculations  recently  made  for  the 
engineering  experiment  station  of  the  University  of  Illinois : 


t  = 

T  = 

T-a  = 

logT  = 

log  T-a  = 

311 

770.58 

629.78 
2.8868177 
2.7991889 

312 

771.58 

630.78 
2.8873810 
2.7998779 

313 

772.58 

631.78 
2.8879435 
2.8005659 

314 

773.58 

632.78 
2.8885052 
2.8012527 

log  ,,,     = 
I -a 

0.0876288 

0.0875031 

0.0873776 

0.0872525 

T 
50  log          = 
1-a 

4 . 381440 

4.375155 

4.368880 

4.362625 

=  k  ■ 

k  = 

6.27756     . 
1.896120 

>gp 

1.902405 

1.908680 

1.914935 

P  = 
log  na  = 

log  pna  = 

78.726 
3.8475727. 
5.7436927 

79.874 

81.036 

82.212 

5.7499777 

5.7562527 

5.7625077 

log 

pna 
T-a 

=  ,„..1^= 

2.9445038 

2.9500998 

2.9556768 

2.9612550 
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fi  In  conclusion,  it  may  l)e  stated  that  Bertrand's  formula  seems 
to  have  a  wide  range  of  applicability,  and  with  proper  choice  of  con- 
stants can  probably  be  used  equally  well  for  nearly  all  saturated  vapors. 

The  Author.  The  preparation  of  this  paper  was  an  early  step  in 
a  special  study  of  the  properties  of  steam  upon  which  the  wi-itcM' 
has  been  engaged  for  some  months;  the  object  of  this  investigation 
has  been  to  formulate  more  precisely  our  knowledge  of  the  subject 
up  to  the  limit  of  accurate  experiment,  at  about  400  deg.  fahr.,  and 
to  extend  the  relations  into  the  higher  ranges,  even  up  to  the  critical 
temperature.  It  has  been  found  that  Thiesen's  formula,  by  modifi- 
cation of  the  two  coefficients  or  constants,  can  be  made  to  fittheHol- 
born-Henning  table  exactly  from  100  deg.  to  200  deg.  cent.,  and  that 
this  modified  equation  holds  good  up  to  about  450  deg.  fahr.  Above 
that  point  the  curve  begins  to  rise  more  rapidly,  and  even  crosses  the 
oi'iginal  Thiesen  curve.  Below  212  deg.,  the  relation  can  be  very 
exactly  extended  by  means  of  a  small  adjustment  from  the  Thiesen 
values. 

2  The  formula  presented  by  Professor  Goodenough  fits  the  data 
very  well;  but  for  precise  calculation  it  has  the  disadvantage  that  at 
each  point  of  change  in  constants  there  will  be  a  break  in  the  curve 

dp 

of  the  derivative  — .     The  Thiesen  formula  has  a  forbiddingly  com- 

plex  expression  for  its  derivative,  and  would  be  much  less  convenient 

dp 
for  regular  use,  if  the  calculation  of  —  were  an  operation  to  be  under- 
taken frequently. 

3  The  writer  has  tried  formula  K,  which  is  recommended  by  Dr. 
Moss.  In  the  very  high  range  it  runs  low  in  p,  dropping  beneath  the 
modified  Thiesen  formula,  which  itself  is  not  high  enough  for  the 
more  reliable  data. 

dp 

4  The  values  of  —  in  Table  1,  found  simply  by  the  method  of 

differences,  are  not  precise  enough  for  close  work  with  Clapeyron's 
equation,  the  irregularities  resulting  from  the  use  of  them  running  as 
high  as  nearly  one-fifth  of  one  per  cent.  It  is  the  hope  of  the  writer 
to  present  to  the  Society  in  the  near  future  the  results  of  the  special 
study  of  the  properties  of  steam  mentioned  above. 
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By  H.  V.  WiLLE,  Published  in  The  Journal  for  January 

■     ABSTRACT  OF   PAPER 

While  the  ordinary  formulae  for  flexure  do  not  strictly  apply,  they 
have  been  eni})loyed  to  indicate  the  magnitude  of  the  stresses  in  a 
staybolt.  This  paper  shows  that  a  1-in.  bolt  may  be  stressed  to 
48,000  lb.  per  sq.  in.  and  proposes  the  employment  of  tempered  spring 
steel  in  the  manufacture  of  staybolts  cai)able  of  sustaining  this  high 
UTiit  stress.  The  stem  of  the  bolt  is  made  of  tempered  spring  steel 
and  the  ends  of  soft  steel  so  as  to  permit  riveting  over  in  the  boiler. 
Such  a  bolt  possesses  a  double  advantage  in  that  it  is  manufactured 
of  material  capable  of  resisting  a  high  unit  fiber  stress  and  on  account 
of  its  small  diameter  is  stressed  in  flexure  to  a  less  extent  than  the 
usual  type  of  bolt. 

DISCUSSION 

William  Elmer.  The  decrease  in  the  diameter  of  a  staybolt,  from 
15/16  in.  or  1  in.,  which  I  believe  is  the  present  practice,  to  a  small 
diameter,  as  7/16  in.,  even  if  the  tensile  strength  of  the  material  is 
inci'eased,  brings  to  mind  at  once  the  possibihty  of  twisting  off  these 
small  bolts  in  their  mechanical  application  to  the  boiler.  The  writer 
hopes  Mr.  Wille  will  say  something  about  this. 

W.  E.  Hall.  Any  one  who  has  had  the  care  of  the  locomotive 
type  of  boiler  appreciates  that  staybolt  maintenance  is  a  source  of 
intense  anxiety,  and  that  the  fact  that  more  disastrous  results  are  not 
forthcoming  reflects  great  credit  on  the  vigilance  of  the  motive  power 
departments  of  our  railroads.  This  result,  however,  is  accomplished 
only  at  high  maintenance  cost,  which,  fortunately,  has  always  been  of 
secondary  consideration. 

2  Flexibility  and  length,  of  which  Mr.  Wllle  speaks,  no  doubt  have 
considerable  influence  on  the  breakage  of  these  bolts.     It  would  be 
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interesting  to  have  details  showing  the  construction  of  the  bolts, 
and  just  how  they  were  held,  in  liis  vibratory  tests. 

3  It  should  be  noted,  however,  that  his  construction  calls  for  a 
studbolt  of  larger  diameter  than  the  ordinary  staybolt,  and  in  addi- 
tion this  studbolt  must  project  into  the  leg  of  the  boiler  to  give  suffi- 
cient length  of  thread-contact  of  the  staybolt  proper  in  the  studbolt; 
in  other  words,  he  increases  the  diameter  (the  studbolt),  introduces 
two  threaded  surfaces  to  the  strain  of  flexure,  and  shortens  the  stay- 
bolt  an  amount  equal  to  the  projection  of  the  studbolt  into  the  leg 
of  the  fire-box.  Is  this  not  contrary  to  his  own  deductions?  Assum- 
ing that  this  construction  would  decrease,  but  not  eliminate,  broken 
staybolts,  would  this  construction  facilitate  their  detection,  difficult 
under  the  best  conditions,  or  make  it  more  difficult?  The  reduced 
length  might  be  relieved  by  making  the  fit  of  the  thread  of  the  bolt 
in  the  studbolt  looser  than  that  of  the  studbolt  in  the  sheet,  thereby 
always  throwing  the  point  of  fiexure  upon  the  studbolt  at  the  side  of 
the  outer  sheet.  But  this  is  a. risky  procedure  hardly  deserving  of 
consideration  in  boiler  practice. 

4  The  breakage  of  staybolts  is  confined  almost  exclusively  to  the 
upper  rows  of  bolts  of  the  legs  of  the  fire-box.  The  fracture  usually 
starts  from  the  top,  sometimes  from  the  side,  not  infrequently  around 
the  circumference  and  occasionally  from  the  bottom.  The  fracture 
is  almost  always  close  to  the  outer  sheet,  but  a  break  close  to  the 
inside  sheet  is  not  unknown.  The  fracture  is  always  in  detail,  bar- 
ring shamefully  defective  material  or  workmanship,  or  at  least  up  to 
the  point  where  the  remaining  area  in  contact  is  not  sufficient  to  with- 
stand the  strain  to  which  that  reduced  area  of  the  bolt  is  subjected. 
More  or  less  irregularity  of  the  line  of  fracture  is  to  be  expected.  Con- 
ditions are  not  always  the  same  for  every  bolt:  all  bolts  do  not  fit  the 
sheets  alike,  there  is  more  or  less  vaxiation  in  the  upsetting,  and  the 
buckling  and  warping  of  the  inner  sheet  is  not  the  same  for  each  bolt. 
These,  together  with  other  minor  conditions,  representing  reasonable 
refinement  in  practice,  preclude  uniformity  of  the  fracture. 

5  But  the  important  points  are,  that  these  bolts  always  break  in 
detail  and  always  at  the  root  of  the  thread.  Have  we  any  reason  to 
expect  that  it  would  be  otherwise?  For  example,  if  we  wish  to  break 
a  piece  of  metal  we  first  grip  it  in  a  vise,  notch  it  close  to  the  jaws  of 
the  vise  and  bend  it  back  and  forth.  We  do  the  same  with  a  stay- 
bolt  when  we  cut  the  thread  with  a  sharp  die  (and  in  this  respect  the 
U.  S.  Standard  is  inferior  to  the  Whitworth),  hold  it  firmly  in  the 
outer  sheet  and  subject  it  to  the  bending  due  to  the  expansion,  con- 
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Fig.  1     Blank  and  Completed  Ends  of  Flexible  Staybolt 
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traction  and  warping  of  the  inner  sheet.  Cutting  the  thread  produces 
a  constructive  defect.  This  feature  is  necessary  as  the  bolts  are  now 
used  and  its  correction  is  beyond  the  scope  of  mathematics. 

6  Fig.  1  and  Fig.  2  show  designs  for  bolts  made  in  January  1886. 
The  object  was  to  make  the  bolt  of  iron  or  steel  and  by  a  gradual 
reduction  from  the  ends  towards  the  center  to  make  the  body  of  the 
bolt  more  flexible;  and  to  make  the  length  of  the  end  such  that, 
after  making  sufficient  allowance  for  upsetting,  the  thread  could  not 
project  beyond  the  face  of  the  inside  of  the  sheet,  thus  preventing 
the  thread  from  being  subjected  to  the  strain  of  flexure.  This  fea- 
ture is  of  the  utmost  importance.  The  flare  on  the  end  of  the  bolt  was 
shown  merely  as  a  more  ready  means  of  upsetting  the  end,  especially 
when  the  bolt  is  of  steel.  As  the  number  of  bolts  breaking  at  the  face 
of  the  inside  sheet  is  so  small  as  to  be  negligible,  probably  still  smaller 
with  a  more  flexible  bolt,  it  would  be  necessary  to  control  these  con- 


FiG.  2     Flexible  Staybolt  with  End  shown  in  Fig.  1 


ditions  only  at  the  end  in  the  outer  sheet.  As  this  is  usually  1/16  in. 
thicker  than  the  inside  sheet,  the  length  of  this  special  end  could  be 
readily  controlled  to  prevent  the  thread  projecting  beyond  the  inside 
face  and  thereby  totall}^  eliminating  all  l^ending  strain  at  the  root  of 
the  thread. 

7  To  accommodate  the  difference  in  widths  in  the  leg  of  the  fire- 
box the  bolts  could  be  made  of  varying  lengths  on  a  bolt  machine  and 
kept  in  stock.  More  or  less  variation  in  the  length  of  the  projected 
threaded  area  at  the  inside  sheet  is  not  important.  By  this  method, 
if  made  by  upsetting,  it  Avould  not  be  necessary  to  turn  the  shank  of 
the  bolt.  In  all  lengths,  however,  the  end  of  the  bolt  for  the  outer 
sheet  should  be  made  such  that  there  would  never  be  more  than  enough 
foi-  the  upsetting  and  only  an  additional  length  of  thread  sufficient  to 
prevent  it  from  projecting  beyond  the  inside  face  of  the  outer  sheet. 
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8  This  construction  would  permit  of  better  circulation  on  account 
of  less  obstruction.  It  would  increase  the  cost  of  boiler  construction 
somewhat,  but  this,  with  the  requirements  fulfilled,  would  be  insignifi- 
cant in  comparison  with  the  elimination  of  the  faulty  feature  and  the 
reduction  in  maintenance  cost. 

Alfred  Lovell.  The  durability  of  staybolts  in  high-pressure 
locomotive  boilers  is  a  prominent  factor  in  the  cost  of  locomotive 
maintenance  and  has  an  important  bearing  on  the  safety  of  the  public. 
Any  innovation  intended  to  increase  their  durability  or  reliability  is 
therefore  worthy  of  the  most  careful  demonstration  and  service  trial. 
The  staybolt  described  by  Mr.  Wille  is  of  this  character,  and  his  paper 
clearly  shows  the  desirability  of  providing  a  staybolt  of  high  elastic 
limit  and  great  flexibility. 

2  This  is  accomplished  by  the  use  of  metal  having  the  requisite 
qualities  in  a  high  degree,  and  yet  maintaining  in  the  direction  of  the 
bolt's  axis,  the  desirable  features  of  continuity  and  rigidity,  thus 
avoiding  the  liability  of  unequal  tension  of  adjacent  bolts.  This 
is  undeniably  a  departure  in  the  right  direction,  and  one  thai  will 
receive  prompt  attention  in  railway  mechanical  engineering. 

3  One  other  important  feature  to  be  considered,  however,  in 
adopting  a  new  form  or  in  selecting  a  new  material  for  staybolts, 
is  ability  to  resist  corrosion  under  the  conditions  of  use,  a  feature  even 
more  important  with  staybolts  of  the  proposed  high  tensile  strength 
and  small  diameter,  than  with  staybolts  of  ordinary  diameter.  For 
example,  the  paper  gives  the  actual  breaking  strength  of  a  1-in.  iron 
bolt  as  32,500  lb.,  and  of  a  i^-in.  sjDring-steel  stembolt  as  32,000  lb. 
If  it  is  assumed  that  each  is  reduced  J  in.  in  diameter  by  corrosion, 
this  will  reduce  the  breaking-strength  of  the  1-in.  bolt  by  23.56  per 
cent,  and  of  the  A -in.  bolt  by  48.98  per  cent.  The  breaking-strength 
of  the  iron  bolt  is  then  24,843  lb.  and  that  of  the  spiing-steel  stem- 
bolt  is  16,327  lb.  Another  J-in.  reduction  in  diameter  would  bring 
the  strength  of  the  iron  bolt  to  18,278  11). ,  and  of  the  spring-steel  stem- 
bolt  to  5878  lb. 

4  P'ormula  4  of  Mr.  Wille's  paper  shows  that  the  flexural  stress,  the 
ordinary  cause  of  failure,  decreases  directly  as  the  diameter,  yet  it  is 
evident  that  if  the  bolts  are  affected  by  corrosion  and  in  equal  amount, 
this  will  eventually  reduce  the  tensile  sti-ength  of  the  small  bolt  to  a 
point  below  the  jwoper  factor  of  safety,  while  the  larger  bolt  has  still 
tensile  strength  to  spare. 

5  Since  the  new  type  of  staybolt  makes  it  possible  to  employ 
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various  steels  and  alloys  which  cannot  be  used  in  the  ordinary  stay- 
bolt,  it  fortunately  provides  for  a  wide  range  of  selection,  and  quite 
probably  a  steel-alloy  or  mixture  may  be  provided  that  will  resist 
corrosion  equally  well  or  better  than  the  iron  ordinarily  used. 

6  The  impurities  in  the  water  used  also  very  greatly  affect  corro- 
sive action,  and  it  is  probable  that  with  the  new  type  of  bolt  it  would 
be  advantageous  to  examine  carefully  the  water  of  the  locality  where  it 
is  to  be  used  and  to  select  a  metal  with  reference  to  the  character  of 
the  water.  Information  regarding  the  resistance  of  various  steel  alloys 
to  corrosion,  in  water  of  ordinary  purity,  and  experiments  determining 
the  metal  that  will  give  the  least  corrosion  in  water  having  various 
impurities,  are  highly  desirable,  since  the  new  bolt  makes  possible  the 
use  of  that  metal  which  combines  in  the  greatest  degree  flexibility, 
high  elastic  limit  and  resistance  to  corrosion. 

7  A  combination  of  these  three  qualities,  in  a  staybolt  of  the  type 
described,  will  be  an  innovation  much  to  be  desired  in  locomotive 
practice. 

F.  J.  Cole.     In  reading  this  paper  the  following  occurred  to  me: 

a  Have  any  of  these  staybolts  been  applied  to  locomotive 
boilers? 

h     What  is  their  comparative  cost? 

c  With  1-in.  ends  is  there  any  danger  of  overstraining  the  f -in. 
diam.  spring-steel  center  in  screwing  the  bolt  to  place? 
It  would  seem  that  the  torsional  stress  on  the  compara- 
tively small  central  part  in  screwing  the  bolts  to  place 
when  they  fit  tightly  in  the  sheets  would  be  excessive. 

d  In  upsetting  the  soft  ends,  does  the  |-in.  diam.  center 
afford  sufficient  resistance  to  avoid  injury  to  the  threads 
from  hammering?  It  is  customary  in  upsetting  the  ends 
to  use  a  hammer  or  heavy  weight  at  the  other  end  of  the 
bolt  to  afford  the  necessary  resistance  and  to  prevent 
injury  to  the  threads. 

e  In  Par.  7  Mr.  Wille  speaks  of  12,000  lb.  fiber  stress  being 
good  practice.  I  presume  he  has  in  mind  the  combined 
stress  due  to  tension  and  bending.  Current  locomotive 
practice  is  represented  fairly  well  by  5500  to  6000  lb.  for 
tension  alone. 
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The  Author.  Mr.  Hall  has  fully  described  the  general  charac- 
teristics of  a  staybolt  broken  in  service.  The  able  experiments  of 
Boushinger  and  Wohler  have  shown  that  a  detail  fracture  occurs  in 
parts  which  have  been  stressed  by  flexure  above  the  elastic  limit.  If 
the  parts  be  threaded  the  stress  may  be  localized  at  the  base  of  the 
thread  which  will  increase  the  possibiUty  of  failure  of  parts  stressed 
at  or  near  the  elastic  limit,  but  if  the  parts  be  not  stressed  above  the 
"fatigue"  elastic  limit  of  the  material,  it  will  not  fail  irrespective  of 
whether  it  be  threaded  or  of  plain  section. 

2  The  bolt  described  is  made  of  two  kinds  of  material: 

a     The  stem  of  high-carbon  tempered  steel. 
b     The  two  ends  of  soft  steel. 

This  arrangement  permits  the  use  of  a  material  having  such  a  high 
elastic  limit  and  provides  an  ample  factor  of  safety  and  still  allows 
the  soft  ends  to  be  rivetted  over  to  make  a  steam-tight  joint.  The 
bolt  referred  to  by  Mr.  Hall  does  not  fulfil  these  conditions,  as  if  it 
were  made  of  steel  having  a  sufficiently  high  elastic  limit  it  would  be 
impossible  properly  to  rivet  the  ends. 

3  The  ends  of  the  composite  bolts  are  not  larger  than  a  normal 
bolt,  those  in  service  being  made  1  in.  in  diameter  when  used  in  new 
boilers  and  ^  in.  and  1^  in.  when  used  to  replace  -J-in.  and  1-in. 
bolts  respectively  in  old  boilers.  The  stems  are  not  made  a  tight  fit 
into  the  ends  but  are  threaded  so  that  they  can  be  tightly  screwed  into 
the  ends  by  hand  thus  affording  some  flexibility  in  the  joint.  It  is 
not  necessary  however  to  thread  the  stems  as  they  can  be  upset  and 
the  ends  closed  around  them,  making  a  ball  joint,  thus  having  all  the 
advantages  with  none  of  the  disadvantages  of  the  usual  type  of  flexi- 
ble bolt. 

4  The  bolts  have  been  in  service  for  two  years  in  a  district  notori- 
ous for  the  trouble  experienced  with  corrosion  and  the  bolts  are  still 
intact.  Mr.  Lovell  suggests  the  possibility  of  providing  special  steels 
to  resist  corrosion.  The  high-carbon  tempered  steel  being  dense  and 
hard  is  an  admirable  material  to  resist  corrosion;  furthermore  as  the 
stems  are  oil-tempered  they  have  a  coat  of  enamel  which  prevented 
the  slightest  amount  of  pitting  even  after  two  years'  service. 

5  There  are  a  large  number  of  these  bolts  in  service  in  locomotive 
boilers  and  no  difficulty  has  been  experienced  either  from  twisting  of 
the  stem  in  screwing  into  the  boiler  or  from  injury  to  threads  in  rivet- 
ting. 

6  The  cost  of  material  entering  into  the  construction  of  the  spring 
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flexible  bolt  is  very  much  less  than  that  of  the  usual  type  of  staybolt 
since  the  weight  is  nuich  less  and  the  materials  are  the  relatively  cheap 
commercial  grades  of  steel  instead  of  the  high-priced  irons  usually 
employed  in  the  manufacture  of  staybolts.  The  labor  cost  to  man- 
ufacture is  however  somewhat  higher. 


MISCELLANEOUS  DISCUSSION 

AUTOMATIC  FEEDERS  FOR  HANDLfNG  MATERIAL  IN 

BULK 

By  C.  Kemble  Baldwin,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

This  paper  is  presented  with  the  object  of  enabling  an  engineer  to 
choose  from  eleven  types  of  feeders  in  use  to-day,  the  one  best  fitted 
to  his  use,  line  drawings  being  used  so  they  may  be  readily  compared. 
When  feeding  a  conveyor,  crusher  or  machine  from  a  storage  bin,  it  is 
advisable  to  use  some  type  of  automatic  feeder.  This  should  be 
geared  to  the  machine  if  feeds  so  that  they  will  start  and  stop  simul- 
taneously. The  author  favors  the  shaking  feeder  because  of  its  sim- 
plicity and  flexibility. 

DISCUSSION 

T.  A.  Bennett.  An  automatic  feeder  is  absolutely  necessary  in 
some  installations;  in  others  it  is  demanded  for  economic  reasons. 
For  example,  run-of-mine  coal,  on  account  of  constriction  in  the  chute, 
requires  properly  a  36-in.  belt,  although  it  can  be  handled  on  a  30- 
in.  belt.  With  an  automatic  feeder  it  is  possible  to  use  a  24-in.  con- 
veyor provided  the  capacity  will  permit.  In  handling  damp  sand, 
a  large  chute  opening  is  necessary  and  this  usually  requires  at  least 
a  16-in.  conveyor  belt.  With  a  feeder,  however,  this  width  can  easily 
be  reduced  to  12  in.  A  12-in.  conveyor  has  capacity  to  take  care  of 
nearly  every  problem  in  handling  damp  sand. 

2  The  feeder  is  also  economical  in  filling  in  the  blank  spaces  on 
the  belt.  •  The  loading  is  usually  intermittent,  the  belt  being  either 
over-loaded  or  under-loaded  intermittently;  the  feeder  can  be  regu- 
lated to  give  a  uniform  maximum  loading,  greatly  increasing  the 
capacity.  Intermittent  loading  also  increases  the  wear  on  the  belt. 
As  the  only  wear  worth  considering  is  that  done  by  the   material 
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coming  in  contact  with  the  surface  of  the  belt  in  the  delivery  of  ma- 
terial to  it,  the  larger  the  load  the  less  is  the  proportionate  wear  on 
the  belt. 

3  A  t3q3e  of  feeder  has  been  developed  similar  to  that  in  Fig.  8, 
but  doubled;  that  is,  a  hopper  and  either  one  or  two  swinging  plates  at 
each  end  and  pushing  to  an  outlet  at  the  center  part  of  the  skirt 
boards.  This  type  is  now  working  very  satisfactorily  in  two  big 
plants,  the  Hudson  Company's  power  house  at  Jersey  City,  N.  J., 
and  the  Illinois  Steel  Company  at  Joliet,  111.  The  chief  advantage 
over  any  other  is  the  saving  of  headroom.  Where  there  is  sufficient 
headroom,  the  shaker  feeder  is  correct  practice  and  is  in  general  use. 

The  Author.  Mr.  Bennett's  discussion  emphasizes  three  impor- 
tant points  with  reference  to  the  use  of  automatic  feeders  in  connection 
with  belt  conveyors: 

a  The  installation  of  the  feeder  frequently  permits  the  use  of 

narrower  belts. 
h  Delivery  of  an  even  and  continuous  stream  of  material  en- 
ables the  conveyor  to  operate  at  its  maximum  capacity. 
c  By  loading  the  conveyor  to  its  full  capacity,  a  smaller  pro- 
portion of  the  load  comes  in  contact  with  the  belt,  there- 
by reducing  the  wear  per  ton  carried  on  the  belt  at  the 
loading  point. 

2  The  type  of  feeder  mentioned  by  Mr.  Bennett  as  similar  to  that 
illustrated  in  Fig.  8  is  a  variation  of  that  type,  used  where  material 
is  taken  from  two  hoppers;  instead  of  two  swinging  plates  placed  side 
by  side,  there  is  a  single  plate  under  each  hopper.  These  two  plates 
are  connected  by  rods,  so  that  when  one  plate  is  in  the  forward  stroke 
the  other  will  be  in  the  back  stroke.  It  is  therefore  nothing  more 
than  two  single-plate  feeders  so  connected  that  they  operate  together. 

3  Mr.  Bennett  is  mistaken  regarding  this  type  saving  headroom 
over  any  other  type.  It  requires  about  the  same  headroom  as  the 
plunger  feeder  (Fig,  9)  and  the  reciprocating  plate  feeder  (Fig.  10). 
The  great  drawback  of  the  swinigng-plate  feeder  is  that  it  is  not  self- 
cleaning,  so  that  if  exposed  in  winter  the  material  will  freeze  to  the 
bottom  plate. 

4  This  type  of  feeder  was  originated  by  Mr.  Lincoln  Moss  of  New 
York,  and  the  two  installations  mentioned  by  Mr.  Bennett  were 
designed  by  Mr.  Moss  under  the  writer's  direction. 
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SPECIFIC  VOLUME  OF  SATURATED  STEAM 

By  Prof.  C.  IL  Peabody/  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER  « 

The  iiifofination  now  extant  concerning  the  properties  of  saturated 
steam  together  with  recent  experiments  presenting  results  of  satis- 
factory precision,  are  rccapituhited  in  this  paper,  and  a  computation 
of  the  specific  volumes  at  various  temperatures  is  made  by  the  aid 
of  the  accepted  thermodynamic  equation  and  compared  with  experi- 
mental determinations  of  the  same  property.  The  greatest  discrep- 
ancy between  the  computed  and  the  experimental  values  for  the  spe- 
cific volumes  is  shown  to  be  1/500.  Since  the  essential  properties 
of  saturated  steam  enter  into  this  discussion,  the  tables  of  the  prop- 
erties of  steam  computed  from  the  data  now  available  may  be  regarded 
as  accurate. 

DISCUSSION 

Prof.  William  D.  Ennis.  The  reason  for  the  extrapolation  of  Fig. 
3  is  not  quite  clear  to  me.  The  ordinates  of  this  diagram  are  differ- 
ences between  the  Holborn  and  Henning  values  for  the  pressure  of 
saturated  steam,  and  those  given  by  the  Peabody  formula,  log  p  =a  — 
^^t-ioo_|_  p^t-ioo_  The  diagram  is  extended  to  include  temperatures 
above  205  deg.,  the  Holborn  and  Henning  limit.  Why  would  it  not 
be  just  as  satisfactory,  if  the  Holborn  and  Henning  values  are  satis- 
factory, to  extrapolate  directly  the  curve  expressing  their  results? 

2  There  seems  to  be  little  room  for  uncertainty  in  any  of  the 
properties  of  saturated  steam,  excepting,  possibly,  the  heat  of  the 
liquid.  The  maximum  divergence  in  values  for  the  former,  comparing 
the  Dieterici  and  the  modified  Regnault  values  adopted  by  Professor 
Peabody,  occurs  at  the  highest  temperatures:  at  220  deg.  (an  extra- 
polated point)  it  is  1.31  cal.  or  0.584  per  cent.  Now  if  Dieterici  does 
not  claim  an  accuracy  exceeding  0.5  per  cent  at  this  temperature,  and 
since  Professor  Peabody  admits  a  possible  fractional  percentage  of 
error,  the  true  value  may  be  within  the  limit  of  estimated  error  in 
both  computations.  The  result  of  talcing  Dieterici's  values  would  be 
to  make  the  computed  specific  volume  0.01  per  cent  less  at  100  deg., 

»  Prof.  C.  H.  Peabody,  Mass.  Inst,  of  Tech.  Dept.  of  Naval  Architecture,  Boston 

Mass. 
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0.02  per  cent  less  at  140  deg.  and  0.045  per  cent  less  at  165  deg.,  than 
those  tabulated  on  page  604.  The  deviation  from  the  Knoblauch, 
Linde  and  Klebe  results  wouhl  be  thus  generally  decreased.  There  is 
still  a  possibility  that  the  Dieterici  values  may  be  more' nearly  correct. 
If  the  preponderance  of  error  in  values  of  the  other  quantities  enter- 
ing into  the  volume  formula  were  in  such  a  direction  as  to  make  the 
computed  volumes  too  small,  the  lower  heats  of  the  liquid  used  by 
Professor  Peabody  might  lead  to  an  apparently  better  result  because 
of  a  balancing  of  opposite  errors.  It  does  not  seem  safe  to  say  defi- 
nitely that  such  may  not  be  the  fact.  The  uncertainty  in  the  heat  of 
the  liquid  at  200  deg.  is  0.36  per  cent  rather  than  0.25  per  cent.  The 
same  uncertainty  applies  to  the  entropy  of  the  liquid,  and  a  possil)le 
error  of  about  0.16  per  cent  to  the  entropy  of  vaporization.  The 
entropy  of  saturation  at  this  temperature  may  then  be  wrong  to  as 
great  an  extent  as  0.23  per  cent,  or  jt;.  This  would  introduce  a  barely 
noticeable  error  into  computations  involving  vapor  cycles. 

3  It  is  questionable  whether  permanence,  in  a  matter  of  this  kind, 
is  as  desirable  as  a  standard,  a  flexible  standard.  Would  it  not  be 
within  the  scope  of  the  Society  to  cooperate  with  national  engineering 
organizations  abroad  in  the  preparation  of  an  international  steam 
table  for  saturation  and  superheat,  embodying  the  generally  accepted 
values  and  subject  to  modification  whenever  an  undisputed  conclu- 
sion is  reached  on  the  one  or  two  remaining  doubtful  quantities? 

The  Author.  In  reply  to  Professor  Ennis  I  will  first  explain 
that  Holborn  and  Henning  give  a  table  of  pressure  for  each  degree 
of  temperature,  and  make  no  use  of  an  equation  except  as  a  means 
of  fairing  their  results,  for  which  purpose  they  chose  Thiesen's 
equation  which  gives  divergent  values  for  higher  temperatures. 
Now  it  happens  that  the  equation  which  I  chose  gives  value  which 
converge  toward  Holborn  and  Henning's  values  so  that  it  is  possil)le 
to  draw  an  extrapolation  diagram  as  shown  in  my  paper. 

2  Secondly,  I  wish  to  say  that  Dr.  Henning  has  kindly  sent  me 
in  advance  of  publication  an  abstract  of  results  which  he  has  recently 
obtained  for  the  heat  of  vaporization  of  water  from  100  deg.  t  )  ISO 
deg.  cent.  His  memoir  will  soon  be  availalile  and  will  show  that 
the  results  which  I  have  deduced  from  Dr.  Davis'  values  of  the  total 
heat,  show  a  close  concordance  with  these  new  experimental  .values. 
It  is  not  unlikely  that  we  may  have  a,  conclusive  determination  of  the 
remaining  quantity,  heat  of  the  liquid,  but  as  stated  in  my  paper  the 
concordance  of  all  quantities  involved  in  the  computation  of  steam 
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tables  is  (>v(mi  how  very  satisfactory  so  that  there  is  no  reascMi  to 
anticipate  any  necessity  for  changing  tables  for  engineers. 

A  NEW  TRANSMISSION  DYNAMOMETER 

By  Phof.  Wm.  it.  Kbnekson,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

The  transmission  dynamometer  described  in  this  paper  was  de- 
signed to  meet  the  necessities  of  a  problem  requiring  a  dynamometer 
in  tlie  form  of  a  shaft  coupling.  The  construction  of  the  instrument 
is  shown,  together  with  a  number  of  its  applications. 

A  stationary  member  provided  with  an  oil-containing  chamber, 
one  side  of  which  is  a  copper  diaphragm,  as  in  the  Emery  testing- 
machine,  is  placed  between  thrust  bearings  which  are  urged  together 
by  a  force  proportional  to  the  torque  in  the  shaft  produced  by  a  sim- 
ple system  of  levers.  A  gage  or  other  means  of  measuring  the  oil 
pressure  in  the  chamber  indicates  the  torque. 

For  use  where  the  rate  of  rotation  of  the  shaft  is  variable,  a  com- 
bination of  gage  and  tachometer  is  shown,  which  will  indicate  horse- 
power, speed  and  torque. 

The  author  mentions  the  following  characteristics:  a  The  instru- 
ment is  compact.  One  shown  in  connection  with  a  3-in.  shaft  is  about 
13  in.  in  diameter  and  weighs  about  160  lb. ;  6  it  is  as  rigid  as  an  ordi- 
nary flange  coupling;  c  it  may  be  made  in  the  form  of  a  coupling,  or 
of  a  quill  on  which  a  pulley  is  mounted;  d  it  will  indicate  for  either 
direction  of  rotation  of  the  shaft;  e  the  torque  may  be  read  or  recorded 
or  the  work  integrated  at  a  considerable  distance  from  the  coupling; 
/no  corrections  are  necessary  for  different  rates  of  rotation;  g  it  may 
i)e  made  very  sensitive  and  accurate;  h  the  amount  of  power  absorbed 
is  negligible;  i  the  instrument  is  not  easily  deranged  and  is  unaffected 
by  temperature  changes;  /  with  suitable  material  and  workmanship 
there  is  little  likelihood  of  failure  of  any  part  of  the  instrument.  In 
no  case  can  it  fail  to  drive  the  shaft  or  pulley  to  which  it  is  attached. 

DISCUSSION 

A.  F.  Masury.  I  want  to  say  a  few  words  as  to  how  the  Kenerson 
dynamometer  may  be  applied  to  the  betterment  of  design  in  motor 
vehicles.  In  the  first  place,  we  must  have  exact  data  regarding  the 
effect  of  road  irregularities,  wind  pressures,  and  the  resistances  set 
up  by  grades  and  speed.     These  figures  are  absolutely  necessary  in 
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order  to  determine  the  best  torque  to  apply  on  motor  gearing  and 
equipment,  such  as  tires,  etc.,  to  overcome  the  existing  conditions  in 
each  particular  car. 

2  At  present  we  have  two  recourses:  first,  the  figures  procured 
by  Mr.  S.  F.  Edge  at  the  Brooklands  track  in  England  with  his  Napier 
car.  He  first  calibrated  his  motor  and  then  made  the  -test  on  the 
track.  These  figures  must  necessarily  include  many  errors.  Second, 
the  dynamometer  at  the  Automobile  Club  of  America  in  New  York. 
Here  again  satisfaction  is  not  entirely  procurable  as  all  the  road  con- 
r-iiiions  are  obtained  artificially  by  attachments  on  the  machine. 

o  With  the  Kenerson  dynamometer  we  can  certainly  get  exact 
readings  while  the  machine  is  working  on  the  road.  These  can  even 
be  made  graphic  if  desired.  }.Ianufacturers  will  thus  have  available 
means  of  getting  information  which  should  result  in  more  perfect 
design. 

4  There  is  one  thing  more,  the  dynamometer  of  the  Automobile 
Club  of  America  cost,  I  believe,  in  the  vicinity  of  $15,000  by  the  time 
it  was  completely  installed,  while  the  price  of  the  Kenerson  machine, 
around  $500,  will  make  it  possible  for  even  a  small  manufacturer  to  get 
his  own  reading. 

A  UNIQUE  BELT  CONVEYOR 

By  Ellis  C.  Soper,  Published  in  The  Journal  for  May 
ABSTRACT  OF  PAPER 

This  paper  contains  a  description  of  the  installation  and  operation 
of  a  belt  conveyor,  one-quarter  mile  long,  built  on  practical  lines, 
requiring  less  power  to  operate  loaded  than  empty  because  the  ma- 
terial is  conveyed  downhill.  It  is  in  actual  operation  at  the  present 
time,  the  only  requisite  labor  being  that  of  a  boy  to  do  the  oiling  and 
adjust  the  rolls,  etc.,  which  may  get  out  of  alignment. 

DISCUSSION 

T.  A.  Bennett.  Mr.  Soper's  paper,  while  giving  a  practical  descrip- 
tion of  a  certain  installation,  hardly  seems  to  warrant  the  word 
"unique."  There  are  many  conveyors  in  regular  practice  just  as 
long — conveyors  which  run  downhill — in  fact,  conveyors  that  need 
a  brake.  As  for  size,  there  is  a  36-in.  movable  belt  conveyor  in  New 
York  over  a  thousand  feet  long,  used  for  filling  in  the  refuse  from  the 
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city  on  Riker's  Island.     The  driving  arrangement  mentioned,  from 
the  receiving  end  of  the  conveyor,  is  also  common  practice. 

2  Regarding  the  maximum  length  of  conveyors,  with  a  fiat  belt, 
as  in  tliis  instance,  the  limit  would  be  merely  the  cost  of  installation  as 
practically  any  tensile  strength  desired  can  be  obtained  by  increasing 
the  number  of  plies  of  tlie  l^elt.  With  a  troughed  belt  the  limit  of 
length  would  be  the  tensile  strength  of  the  thickest  belt  that  would 
conform  to  the  trough  of  the  idlers.  This  limit  approaches  somewhat 
the  limits  the  author  mentions,  although  such  belts  have  been  put  in, 
as  above,  for  lengths  of  a  thousand  feet  or  more. 

3  His  take-up  has  been  in  use  for  over  five  years  in  belt-conveyor 
practice.  There  is  one  installation  at  Bilbao,  Spain,  handling  iron 
ore,  whicli  runs  down  an  incline  of  13  deg.  and  needs  a  brake,  and  has 
a  counterweighted  take-up  working  in  a  vertical  plane.  The  take-up 
and  drive  are  located  on  the  return  belt  near  the  foot  of  the  incline. 

4  The  tonnage  of  the  conveyor  is  so  small  that  the  cost  of  mainte- 
nance per  ton  is  also  misleading.  The  wear  of  a  belt  is  occasioned  by 
the  material  coming  in  contact  with  it  when  delivered  to  it.  A 
narrow  stream  of  material  permits  each  particle  to  come  in  contact 
with  a  small  proportion  of  the  total  width,  whereas  a  wide  stream 
utilizes  the  full  width  of  the  belt  and  furthermore  carries  a  large  part 
of  the  material  on  top  of  the  belt  without  ever  touching  it.  I  believe 
the  capacity  of  this  conveyor  is  something  like  20  tons  per  hour, 
whereas  such  a  convej^or  should  easily  handle  200  tons  per  hour. 
Therefore  the  average  cost  for  maintenance  of  the  belt  per  ton  carried 
is  high.  • 

Harrington  Emerson.  The  last  words  in  this  paper  are  "The 
belt  should  last  several  years."  In  the  last  line  of  Table  4,  it  is 
stated  that  interest,  depreciation  and  renewals  amount  to  10  per  cent 
on  an  investment  of  $9200.  Now,  if  the  belt  is  to  last  only  a  few 
years,  10  per  cent  is  not  sufficient  to  cover  interest,  depreciation  and 
renewal.  Assuming  that  the  belt  lasts  four  years,  the  depreciation 
account  alone  would  be  $2300.  That  would  increase  the  cost  per 
ton  from  $0.02  to  about  $0,035. 

Fred  J.  Miller.  It  might  be  well  to  consider  that  there  are  other 
things  that  constitute  part  of  this  plant  as  well  as  the  belt.  As  I 
understand,  it  is  stated  that  the  belt  may  last  only  a  few  years,  but 
the  rest  of  the  plant  may  last  enough  longer  than  ten  years  to  make 
10  per  cent  a  fair  total  charge  for  depreciation. 
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The  Author.^  •  The  belt  conveyor  in  question  has  now  been  in 
operation  aliout  eighteen  months,  in  which  time  less  than  S3. 00  in 
repairs  has  been  expended.  The  belt  itself  shows  little  wear  and 
should  last  ten  j^ears.  Of  course  the  driving  and  carrying  meclian- 
isms  will  last  indefinitel}^  under  ordinary  conditions,  as  there  is  little 
wearing  of  the  w'orking  parts,  due  to  the  slow  speed  of  the  belt, 

2  The  installation,  as  stated  previously,  though  ample  "for  a 
capacity  of  200  tons  per  hour,  is  required  to  carry  not  over  20  tons 
per  hour,  and  certainly  the  cost  per  ton  for  maintenance  and  other 
charges  is  out  of  proportion  to  what  it  would  be  were  the  l:)elt  carry- 
ing anything  like  full  load. 

3  The  motor  at  the  receiving  end  of  the  upper  l)elt  has  been  taken 
out  and  the  belt  has  been  driven  for  several  months  by  the  "lower" 
10-h.p.  motor,  the  "upper"  belt  being  driven  by  the  "quarter-twist" 
chain  mentioned  in  the  papei'.  To  our  knowledge,  this  is  the  longest 
sincile-driven  ])elt  conveyor  (about  2150  ft.)  in  operation. 


'Abstracted. 
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PuACTicAL  Alternating   Cuhkents   and   Alternating-Current  Testing. 
Charles  F.  Smith.     Scientific  Publishing  Company,  Manchester,  England. 
Third  edition,  revised  and  enlarged,  cloth,  6  by  9;  XXI  +  455  p.;  2.36 
illustrations.     Price  6s. 
In  this  volume  the  author  has  endeavored  to  combine  a  text-book  and  a  refer- 
ence book  for  laboratory  work.     The  experiments  are  described  in  detail  so  that 
the  conclusions  derived  from  them  may  be  followed  by  anyone  not  having  the 
means  for  performing  the  experiments.     The  use  of  higher  mathematics  has  been 
avoided  as  far  as  possible. 

Contents  by  chapter  headings:  Alternating  Electromotive  Force  and  Current;  Impedance; 
Power  and  Power-Factor;  Virtual  Value  of  an  Alternating  Current;  Effect  of  Capacity;  The 
Transformer;  Alternators;  Sjmchronous  Motors;  The  Polyphase  Circuit;  The  Rotary  Converten 
The  Polyphase  Induction  Motor;  Single-Phase  Motors;  The  Composition  of  Waves. 

Simplified  Methods  of  Calculating  Reinforced  Concrete  Beams.     By  W. 

Noble  Twelvetrees.     The  Macmillan  Company,  New  York,  1909.     Paper, 

5  by  7;' 20  p.;  10  illustrations.     Price  20  cents. 
The  author  has  assembled  a  number  of  formulae  from  different  authorities  on 
reinforced-concrete  beams,  and  has  re-stated  each  formula  in  terms  of  a  uniform 
set  of  symbols.     He  also  presents  what  are  termed  "labor-saving"  diagrams  and 
describes  a  calculating  instrument  for  use  in  reinforced-concrete  design. 

Brennan's  Handbook,  A  Compendium  of  Useful  Legal  Information  for  Business 
Men.     By  B.  A.  Brennan     John  Wileij  &  Sons,  New  York,  190S.     Leather, 
4^  by  7;  571  p.     Price  $5. 
The  author's  position  as  contract  manager  of  the  Westinghouse  Machine  Com- 
pany, of  Pittsburg,  Pa.,  has  made  necessary  a  knowledge  of  the  laws  on  contracts 
and  other  instruments  for  recording,  buying  and  seUing  transactions.     The  book 
is  not  presented  as  a  final  authority  on  the  matters  treated  but  rather  as  a  source 
of  information  to  enable  business  men  to  become  familiar  with  the  fundamental 
principles  of  business  law.     A  valuable  feature  is  a  synopsis  of  the  statutes  bear- 
ing on  the  collection  laws  of  the  different  States.     A  number  of  useful  legal  forms 
are  also  given. 

Contents  by  chapter  headings:  Contracts  in  general;  Sales  Contracts;  Property — Deeds — 
Mortgages — Liens — Insurance;  Acknowledgments — Power  of  Attorney — Licenses — Guarantee, 
Etc.;  Notes — Checks — Interest;  The  '  Negotiable  Instruments  Law;  Synopsis  of  Statutes  on 
Conditional  Sales — Chattel  Mortgages— Mechanics'  Liens — Bills  and  Notes — Forms  of  Ac- 
knowledgments; Collection  Laws  Tabulated;  Legal  Forms. 

Gas  Engine  Theory  and  Design.     By  A.  C.  Mehrtens,  M.E.     John  Wileij  & 
Sons,  New  York,  1909.     Cloth,  5i  by  8;  V  +  256  p.;  numerous  tables  and 
illustrations.     Price  $2.50. 
To'make  this  book  of  interest  to  students,  draftsmen,  engineers,  and  men  operat- 
ing engines,  the  treatment  has  been  somewhat  elementary.     Following  out  this 


1012  COMMENT  ON   CURRENT   BOOKS 

idea,  also,  considerable  space — nearly  one-half  the  book — is  devoted  to  design  of 
parts.  Complete  working  drawings  are  given  for  a  2J-h.p.  marine  engine  and  a 
^-h.p.  horizontal  engine. 

Contents  by  chapter  headings:  General  Principles  of  Operation;  Historical;  Applications 
of  the  Gas  Engine;  Heat — Thernaodynamics;  Combustion;  P'uels;  Laws  of  Gases;  Gas  Engine 
Efficiency;  Explosive  Mixtures;  Mixing  Valves  and  Carbureters;  Governing;  Ignition;  Cooling; 
Exhaust;  Selection  of  Type;  Determination  of  the  Principal  Dimensions;  Forces  Acting  in  the 
Gas  Engine;  Design  and  Dimensions  of  Parts;  Gas  Engine  Manipulation;  Testing;  Designs. 

Applied  Mechanics  for  Engineers.     By  E.   L.   Hancock.     The  Macmillnn 
Company,  New  York,  1909.     Cloth  5  by  7^;  XI  +  385  p.,  205  illustrations, 
Price  %2. 
The  author,  who  is  assistant  professor  of  applied  mechanics  at  Purdue  Univer- 
sity, has  sought  to  make  the  book  different  from  others  on  the  subject  by  giving 
examples  to  show  the  application  of  theory  to  practical  problems.     While  it  is 
primarily  a  text-book,  the  method  of  presentation  in  the  chapters  on  moment  of 
inertia,  center  of  gravity,  work  and  energy,  friction  and  impact,  make  it  of  value 
to  the  engineer.     Convenient  tables  of  logarithms,  trigonometric  functions,  etc., 
are  given  at  the  end  of  the  book. 

Contents  by  chapter  headings:  Definitions;  Concurrent  Forces;  Parallel  Forces;  Center  of 
Gravity;  Couples;  Non-Concurrent  Forces;  Moment  of  Inertia;  Flexible  Cords;  Rectilinear 
Motion;  Curvilinear  Motion;  Rotary  Motion;  Dynamics  of  Machinery;  Work  and  Energy;  Fric- 
tion; Impact. 

Bricklaying  System.     By  Frank  B.  Gilbreth,   Mem.Am.Soc.M.E.     Myron   C. 
Clark  Publishing  Co.,  New  York.     Cloth,  6  by  9;  XI  +  321  p.,  167  illus- 
trations, 73  charts.     Price  $3. 
The  author  has  endeavored  to  put  in  writing  that  knowledge  which  has  been 
handed  down  by  word  of  mouth  from  journeyman  to  apprentice  for  generations. 
The   various   operations   in  the   laying  of  brick  are   described   and    illustrated 
in  great  detail.     He  has  also  given  the  rules  followed  in  developing  and  handling 
his  men,  in  handling  material  and  in  methods  of  construction.     The  addition  of 
data  on  costs  and  cost  systems  would  doubtless  increase  the  value  of  the  book. 

Contents  by  chapter  headings:  Training  Apprentices;  Methods  of  Management;  Methods  of 
Construction;  Routing  of  Material;  Scaffolds;  The  Gilbreth  Scaffold-Hod  Type;  The  Gilbreth 
Scaffold-Packet  Type;  The  Gilbreth  Packet  System;  Method  of  Building  Tall  Chimneys;  Mor- 
tar; Bricks;  Bricklayers'  Tools,  etc.;  Lines,  Plumbs  and  Poles;  Motion  Study;  Methods  of 
Laying  Brick  under  Special  Conditions;  Finishing,  Jointing  and  Pointing;  Arches  and  Chim- 
ney Breasts;  Tearing  Down,  Cutting  out  andPatching  Brickwork;  Bond. 
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The  Society  has  always  considered  it  a  special  obligation  and  pleasant  ihity  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  15th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society, 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society  who  are 
capable  of  filling  responsible  positions.     Information  will  be  sent  upon  application. 

MEN     AVAILABLE 

300  Mechanical  and  electrical  engineer  desires  position  (east  preferred)  as 
assistant  to  mill  engineer  or  manager  of  works  on  the  design  and  equipment  of 
power  plants  and  industrial  works.  Age  43.  Has  had  six  years' experience  as 
engineer  of  works  with  two  important  manufacturing  companies. 

301  Construction  engineer,  eleven  years' experience  in  design  and  erection  of 
every  kind  of  building,  construction,  installation  of  machinery  and  equipment, 
desires  permanent  position  with  manufacturing  concern  doing  their  own  work  in 
enlarging  and  improving  their  factories,  to  take  entire  charge.     Best  references. 

302  Member,  broad  experience  in  constructing,  erecting  and  operating. 

303  Associate  member,  graduate  mechanical  engineer  with  ten  years  exper- 
ience in  industrial  and  architectural  engineering,  now  open  to  engagement 
designed  and  constructed  several  large  power  and  industrial  plants. 

304  Junior  member,  Stevens  graduate,  desires  to  make  a  change.  Nine  years 
practical  experience  in  machine-tool,  steam  and  electric  machinery;  power  plants. 
Good  systematizer  and  famihar  with  up-to-date  shop  practice  and  management 
New  York  district  preferred. 

305  Associate  member,  consulting  mechanical  engineer,  having  completed 
recent  investigation  and  report  leading  to  important  economy  of  fuel  in  large 
factory  plant,  is  now  open  for  a  similar  engagement.  Eight  years  of  practice 
in  reducing  power  and  heating  costs  in  factories. 

306  Graduate  mechanical  engineer.  Junior  member,  desires  position  with 
automobile  concern  which  will  yield  experience  in  all  branches  of  the  business 
and  afford  opportunity  for  advancement.  Experienced  especially  in  automobile 
and  electrical  engineering;  can  demonstrate  and  sell,  design  and  superintend  con- 
struction. 

307  Manual  training  and  University  technical  graduate;  age  33;  thirteen 
years  practical  experience  in  machine  shop,  drafting,  designing,  testing,  estimat- 
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ing,  etc.;  has  employed  and  had  charge  of  men;  desires  position  of  some  responsi- 
bility (preferably  in  Philadelphia,  or  vicinity) ;  would  consider  opportunity  in  the 
commercial   line   of   engineering   or   manufacturing. 

308  Mechanical  engineer  with  shop  experiencp  as  molder,  pattern-maker, 
machinist  and  draftsman;  has  been  engaged  on  new  design  and  revision  of  exist- 
ing designs  for  more  economical  production,  also  devising  shop  methods  and  tools 
and  as  superintendent  of  manufacturing  plant  turning  out  a  line  of  medium- 
weight  machinery,  desires  position  in  which  such  experience  would  be  of  value. 

309  Position  as  superintendent,  assistant  superintendent,  or  general  foreman. 
Age  37.  Fifteen  years  office  and  shop  experience  in  smith  and  machine  shop, 
as  chief  draftsman,  salesman  and  superintendent.  Good  references.  Moderate 
.salary  acceptable. 

310  Junior  member,  technical  graduate  of  four  years  standing,  American; 
married;  experience  in  Spanishrspeaking  country;  speaks  Spanish,  German, 
Russian  and  some  French;  wishes  employment  with  firm  having  European  or 
Latin-American  connections. 


CHANGES  IN  MEMBERSHIP 

CHANGES  OF  ADDRESS. 
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BAKER,  Dickerson  G.  (1905),  Wks.  Mgr.,  Blake  &  Knowles  Steam  Pump  Wks.. 

East  Cambridge,  and /or  mail,  11  Mt.  Pleasant  St.,  Winchester,  Mass. 
BAUSCH,  F.  E.  (1904),  Mgr.,  Hooven,  Owens,  Rentschler  Co.,  1316  Chemical 

Bldg.,  St.  Louis,  Mo. 
BERG,  Hart  O.  (1898;  1903),  Engr.,  72  Victoria  St.,  Westminster,  S.  W.,  London, 

England,  and  32,  Ave.  Champs  Elysees,  Paris,  France. 
BEVERLEY,  Richard  Carter  (Junior,  1906),  Partner,  W.  P.  Longworth  &  Co., 

Engrs.  and  Contrs.,  and /or  mail,  611  E.  Franklin  St.,  Richmond,  Va. 
BILLINGS,  A.  W.  K.  (1909),  care  J.  G.  White  &  Co.,  Inc.,  43  Exchange  PL,  New 

York,  N.  Y. 
BRAUN,Carl  F.  (Junior,  1907),  Mgr.,  Standard  Engrg.  Co.,  503  Market  St.,  San 

Francisco,  Cal. 
BRECKENRIDGE,  L.  P.  (1890),  V.P.,  1907-1909;  Prof.  Mech.  Engrg. Sheffield 

Scientific  Sch.,  New  Haven,  Conn. 
BRESLOVE,  Joseph  (Junior,  1906),  Westinghouse  Mch.  Co.,  East  Pittsburg, 
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CHAMBERLAIN,  Harry  M.  (1907),  17  Wrentham  St.,  Dorchester  Center,  Mass. 
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GOLDINGHAM,  Arthur  Hugh  (1907),  De  La  Vergne  Mch.  Co.,  Foot  E.  138th 

St.,  and  for  mail,  552  Riverside  Drive,  New  York,  N.  Y. 
HATHAWAY,  H.  K.  (Associate,  1908),  V.  P.,  Tabor  Mfg.  Co.,  18th  and  Hamilton 
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HAUGHTON,  Frank  A.  (1903),  Genl.  Supt.,  Taylor  Iron  and  Steel  Co.,  High 
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HOLCOMB,  A.  Elton  (Junior,  1901),  V.  P.  and  Mgr.,  Earth  Moving  Machinery 

Co.,  and /or  mail,  4323  W.  Van  Buren  St.,  Chicago,  111. 
HOLLOWAY,  Thurman  Welford  (Junior,   1906),  International  Corr.  Schools, 

Ltd.,  Kingsway,  London,  W.  C,  England. 
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JOHNSON,  Lewis  (1880),  Pres.,  Johnson  Iron  Wks.  (Ltd.),  P.  O.  Drawer  241, 

New  Orleans,  La. 
JOHNSON,  Louis  L.  (1908),  Gas  Engr.  Elec.  Dept.,  Southern  Pacific  Co.,  Room 

1110,  Flood  Bldg.,  San  Francisco,  Cal. 
JOHNSON,  Paul  F.  (1905),  Monadnock  Bldg.,  San  Francisco,  Cal. 
JORDAN,  Wm.  Allen  (Junior,  1903),  Chas.  Warner  Co.,  Wilmington,  Del. 
MACLAREN,  James  G.  (Associate,  1908),  Engr.,  Lamson  Cons.  Store  Service 

Co.,  225  5th  Ave.,  New  York,  and /or  mail,  P.  O.  Box  541,  Harrison,  N.  Y. 
MILLER,  John  S.  (1900;  1907),  Yuba  Const.  Co.,  Marysville,  Cal. 
MINCK,  Peter  (Junior,  1909),  Mech.  Engr.  with  Edwin  Burhorn,  71  Wall  St., 

New  York,  N.  Y.,  and  112  Gardner  St.,  Union  Hill,  N.  J. 
PENNOCK,  George  Alger  (Junior,  1903),  Asst.  Supt.,  Service  and  Maintenance, 

West.  Elec.  Co.,  Hawthorne,  and /or  mail,  4012  Jackson  Blvd.,  Chicago,  111. 
POMEROY,  Harry  D.  (1892;  1904),  Supt.  and  Mgr.,  M.  C.  Ryan  Co.,  Phoenix, 
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for  mail,  Suite  7,  1523  E.  Blvd.,  Cleveland,  O. 
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and /or  mail,  30  Church  St.,  New  York,  N.  Y. 


GAS  POWER  SECTION 

CHANGES  OF  ADDRESS 

GOLDINGHAM,  Arthur  H.  (1909),  De  La  Vergne  Mch.  Co.,  Foot  E.  138th  St., 

and  for  mail,  552  Riverside  Drive,  New  York,  N.  Y. 
McNEIL,  Merritt  C.  (Affiliate,  1909),  Janette  Ct.,  Millvale  and  Ben  Venue  Ave., 

Pittsburg,  Pa. 
SHOOP,  R.  B.  (Affiliate,  1908),  511  De  Kalb  Ave.,  De  Kalb,  111. 
ULBRICHT,  T.  C.  (1908),  Instr.  Engrg.  Dept.,  Pratt  Inst.,  and  for  mail,  170 

St.  James  PL,  Brooklyn,  N.  Y. 
VOSE,  Fred  Hale  (1909),  Mech.  Engrg.  Dept.,  Case  Sch.  Applied  Science,  and 

for  mail,  10521  Lee  Ave.,  N.  E.,  Cleveland,  O. 

NEW  MEMBERS 

BERG,  P.  Eskil  (AffiUate,  1909),  Engr.  Turbine  Dept.,  Genl.  Elec.  Co.,  Schenec- 
tady, N.  Y. 

FINLAY,  Lance  Geo.  (AffiUate,  1909).  Mgr.,  L.  G.  Finlay  &  Co.,  New  England 
Bldg.,  Cleveland,  O. 

FISKE,  Geo.  Wallace  (Affiliate,  1909),  Mech.  Engr.,  480  E.  22d  St.,  Oakland, 
Cal. 

LITZ,  Earl  Ewing  (Affiliate,  1909),  Genl.  Mgr.,  Combustion  Util.  Co.,  60  Wall 
St..  New  York,  N.  Y. 

STUDENT  SECTION 

CHANGES  OF  ADDRESS 

CRAIG,  Ollison  (Student;  1909),  1143  Portland  Pi.,  Boulder,  Colo. 
DAUGHERTY,  R.  L.  (Student,  1909),  415  Lytton  Ave.,  Palo  Alto,  Cal. 
EIDMANN,  Frank  L.  (Student,  1909),  P.  O.  Box  173,  Lansing,  Mich. 
MUDD,  John  P.  (Student,  1909),  2101  W.  Tioga  St.,  Philadelphia,  Pa. 


COMING  MEETINGS 

October  and  November 

Secretaries  or  members  of  societies  whose  meetings  are  of  interest  to  engineers  are  invited 
to  send  ia  their  notices  for  publication  in  this  department.  Such  notices  should  be  in  the 
editor's  hands  by  the  18th  of  the  month  preceding  the  meeting. 

ALABMIA  LIGHT  AND  TRACTION  ASSOCIATION 

November  15,  16,  annual  convention,  Birmingham.     Secy.,  Lloyd  Lyon,  158 

Government  St.,  Mobile. 
AMERICAN  CHEMICAL  SOCIETY,  New  York  Section 

October  8,  108  W.  55th  St.    Paper:  Partial  Vapor-Pressures  of  Binary  Mix- 
tures.    Secy.,  C.  M.  Joyce. 
AMERICAN  CIVIC  ASSOCIATION 

November  15-19,  Cincinnati,  O.    Secy.,  Richard  B.  Watrous,  Harrisburg,  Pa. 
AMERICAN  GAS  INSTITUTE 

October  20-22,  Hotel  Pontchartrain,  Detroit,  Mich.     Secy.,  A.  B.  Beadle, 

25  West  39th  St.,  N.  Y. 
AMERICAN  MINING  CONGRESS 

September  27-October2,  Goldfield,  Nev.     Papers  on  Silver  Exchange.    Secy., 

J.  F.  Callbreath,  Jr.,  Denver,  Colo. 
AMERICAN  PUBLIC  HEALTH  ASSOCIATION 

October,  Richmond,  Va.     Secy.,  C.  O.  Probst,  Columbus,  O. 
AMERICAN  RAILWAY  ASSOCIATION 

November  17,  Chicago,  111.     Secy.,  W.  F.]Allen,  24  Park  PI.,  New  York. 
AMERICAN  RAILWAY  BRIDGE  AND  BUILDING  ASSOCIATION 

October  19-21,  annual  convention,  Jacksonville,  Fla.     Secy.,  S.  F.  Patter- 
son, Boston  &  Maine  Ry.,  Concord,  N.  H. 
THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

October  12,  November  9,  monthly  meetings,  29  W.  39th  St.,  New  York; 

October  16,  St.  Louis,  Mo.;  October  20,  Boston,  Mass.     Secy.,  C.  W.  Rice, 

29  W.  39th  St.,  New  York. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS 

November  9-11,   annual  meeting.   Little  Rock,  Ark.     Secy.,   A.  Prescott 

Folwell,  239  W.  39th  St.,  New  York. 
AMERICAN  STREET  AND  INTERURBAN  RAILWAY  ASSOCIATION 

October  4-8,  annual  convention,  Denver,  Colo.     Secy.,  Bernard  V.  Swenson, 

29  W.  39th  St.,  New  York. 
ASSOCIATION  OF  CAR  LIGHTING  ENGINEERS 

October  5-8,  armual  convention,  Chicago,  111.     Secy.,  G.  B.  Colegrove,  6250 

Drexel  Ave.,  Chicago,  111. 
CAR  FOREMEN'S  ASSOCIATION  OF  CHICAGO 

October  11,  annual  meeting.    Secy.,  Aaron  Kline,  326  N.  50th  Court. 
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CENTRAL  RAILWAY  CLUB 

November  12,  Hotel  Iroquois,  Buffalo,  N.  Y.,  8  p.m.     Paper:  Application  of 

Electricity  to    the    Movement   of    Freight,  G.   H.   Condict.     Secy.,    H.    D. 

Vought. 
CENTRAL  RAILWAY  AND  ENGINEERING  CLUB  OF  CANADA 

October  19,   November  16,  Prince  George  Hotel,  Toronto,  Ont.     Papers: 

Care  and  Maintenance  of  Elevators,  J.  Shales;  Gas  Engines,  their  Origin  and 

Commercial  Use,  G.  M.  Henderson.     Secy.,  C.  L.  Worth,  Union  Sta. 
COLORADO  ELECTRIC  LIGHT,  POWER  AND  RAILWAY  ASSOCIATION 

October  7-9,  annual  convention,  Denver,  Colo.     Papers:  The  Commercial 

Field;  Meters  and  Testing;  Lamps  and  Illumination.     Secy.,  J.  C.  Lawler, 

P.  O.  Box  938,  Colorado  Springs. 
EMPIRE  STATE  G.\S  AND  ELECTRIC  ASSOCIATION 

November  17,  18,  29  West  39th  St.,  New  York.     Secy.,  C.  H.  B.  Chapin. 
MODERN  SCIENCE  CLUB 

October  12,  semi-annual  meeting;  October  19,  Paper:  Air  Compressors,  S. 

B.  Redfield;  October  26,  Paper:  Power,  F.  L.  Johnson.     Secy.,  J.  A.  Don- 
nelly, 125  S.  Elliott  PL,  Brooklyn,  N.  Y. 
NATIONAL  MUNICIPAL  LEAGUE 

Week  of  November  15,  Cincinnati,  O.     Secy.,  C.  R.  Woodruff,  121  S.  Broad 

St.,  Philadelphia,  Pa. 
NEW  ENGLAND  RAILROAD  CLUB 

October    12,  Copley  Square  Hotel,  Boston.      Paper:      Railroad  Operating 

Statistics,  William  J.  Cunningham.     Secy.,  Geo.  H.  Frazier,  10  Oliver  St. 
NEW  YORK  RAILROAD  CLUB 

November  19,  annual  meeting,  29  W.  39th  St.     Secy.,  H.  D.  Vought,  95 

Liberty  St. 
OHIO  SOCIETY  MECHANICAL  ELECTRICAL  &  STEAM  ENGINEERS 

November   19,   20,  main  annual  meeting,  Lima,   O.     Secy    David  Gaehr, 

Schofield  Bldg.,  Cleveland. 
RAILWAY^  CLUB  OF  PITTSBURG 

October  22,  annual  meeting,  Monongahela  House.     Secy.,  J.  D.  Mcllwain, 

care  P.  &  L.  E.  R.  R. 
RAILWAY"  SIGNAL  ASSOCIATION 

October  12-14,  Louisville,  Ky.     Secy.,  C.  C.  Rosenberg,.  712  North  Linden 

St.,  Bethlehem,  Pa. 
RICHMOND  RAILROAD  CLUB 

November  8,  annual  meeting.     Secy.,  F.  O.  Robinson. 
ROYAL  ARCHITECTURAL  INSTITUTE  OF  CANADA 

October  5-7,  Toronto.   Secy.,  Alcide  Chausse,  R.S.A.,  P.  O.  Box  259,  Montreal, 

Que. 
SOCIETY  OF  NAVAL  ARCHITECTS  AND  MARINE  ENGINEERS 

November  18,  19,  29  W.  39th  St.,  New  York.     Secy.,  W.  H.  Baxter. 
SOUTHERN  AND  SOUTHWESTERN  RAILWAY  CLUB 

November  18,  annual  meeting,  Candler  Bldg.,  Atlanta,  Ga.     Papers  on  Oil 
Lamps,  Front-End  Arrangements,  Draft-Rigging.     Secy.,  A.  J.  Merrill,  218 
Prudential  Bldg. 
TECHNICAL  SOCIETY  OF  BROOKLYN 

October  1,  annual  meeting,  Arion  Hall,  Arion  PL,  8.30  p.m.     Pres.,  M.  C. 
Budell,  20  Nassau  St.,  New  York. 
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TECHNICAL  SOCIETY  OF  WASHINGTON 

October  (i,  annual  meeting,  314  C  St.  N.  W.     Secy.,  I'aul  liausch. 
WESTERN  .\SSOCIATION  OF  ELECTRICAL  INSPECTORS 

October  26-28,  annual  meeting,  Detroit,  Mich. 
WESTERN  SOCIETY  OF  ENGINEERS 

October  6,  20,  November  3,20,  1735  Monadnock  Blk.,  Chicago,  111.     Papers: 

Wood  Preservation;  Hydraulic  Mining  of  Auriferous  Gravels,  J.  W.  Phillips; 

Loss  of  Heat  through  Furnace  Walls,  W.  T.  Ray,  Henry  Kresinger;  The 

Panama  Railroad,  Ralph  Budd. 

MEETINGS  TO  BE  HELD   IN  ENGINEERING  SOCIETIES'  BUILDING 

Date 

October                Society                                                    Secretary  Time 

1  Explorers'  Club H.  C.  Walsh 8.30 

2  Amer.  Soc.  Hungarian  Engrs.  &  Archts Z.    deNemeth 8.30 

6  Wireless  Institute S.  L.  Williams 7.30 

7  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

8  American  Institute  Electrical  Engrs R.  W.  Pope 8.00 

12  The  American  Society  of  Mech.  Engrs C.    W.    Rice 8.00 

14  Illuminating  Engineering  Society P.  S.  Millar 8.00 

15  New  York  Railroad  Club H.   D.   Vought 8.15 

19  New  York  Telephone  Society T.  H.  Lawrence 8.00 

27  Municipal  Engineers  of  City  of  New  York C.  D.  Pollock 8.15 

November 

3  Wireless  Institute S.  L.  Williams 7.30 

4  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

5  Explorers'  Club H.  C.  Walsh 8.30 

6  Amer.  Soc.  Hungarian  Engrs.  and  Archts  . . .  .Z.    deNemeth 8.30 

9  The  American  Society  of  Mech.  Engrs C.  W.  Rice     8.00 

11  Illuminating  Engineering  Society P.  S.  Millar 8.00 

12  American  Inst.  Electrical  Engrs R.  W.  Pope 8.00 

16  New  York  Telephone  Society T.  H.   Lawrence 8.00 

17-18  Empu-e  State  Gas  &  Elec.  Assoc C.  H.  B.  Chapin All  day 

18-19  Naval  Architects  and  Marine  Engrs. W.  H.  Baxter    .  .  .  .AH  day 

19     New  York  Raih-oad  Club H.  D.  Vought 8.15 

24     Municipal  Engineers  of  City  of  New  York.  .  ..C.  D.  Pollock   8.15 


ACCESSIONS  TO  LIBRARY 

BOOKS 

Association  of  Railway  Telegraph  Supekintendents.  Proceedings  of  the 
Annual  Meeting,   1909.     Milwaukee,   Wis.,  1909.     Gift. 

Association  of  Transpohtation  and  Car  Accounting  Officers.  Proceed- 
ings.    Eleventh  Meeting,  June  1909.     Montreal,  Que.,  1909.     Gift. 

Cambridge  (Mass.)  Water  Board.  Annual  Report,  December  1,  1907-April 
1,  1909.     Cambridge,  1909.     Gift. 

Castings  Directory.  1908.     Cleveland,  0.,  1908.     Gift  of  Gardner  Printing  Co. 

Commission  on  Additional  Water  Supply  for  the  City  of  New  York.  Re- 
port of   Department  of   Pumping,    November  30,  1903.     New  York,  1904. 

Definition  el  la  Mesure  Industrielle  de  L'Acceleration  des  Trains 
By  C.  O.  Mailloux.     Pans,  190S.     Gift  of  author. 

Kansas  State  Agricultural  College.  Forty-Sixth  Annual  Catalogue,  1908- 
1909.     Topeka,  Kan.,  1909.     Gift. 

Metallographie.  By  Dr.  W.  Guertler.  Vol.  1.  Berlin,  Gebruder  Born- 
traeger,  1909      Gift  of  publishers. 

Municipal  Engineers  of  the  City  of  New  York.  Proceedings,  190S.  Neu, 
York,  1909.     Gitf. 

New  Orleans  Sewerage  and  Water  Board.  Eighteenth  Semi-Annual  Report. 
New  Orleans,  La.,  1908.     Gift. 

Notes  on  Explosive  Mine  Gases  and  Dusts.  By  R.  T.  Chamberlin.  (Bulle- 
tin No.  383,  U.  S.  Geological  Survey.)     Washington,  Govt.,  1909.     Gift. 

Osterreichischen  Ingenieur-und  Architekten  Vereines.  XXXVIII  Ver- 
zeichnis  der  Mitglieder.     Vienna   1909.     Gift. 

Pacific  Municipalities.  Vol.  21.  No.  1.  San  Francisco,  Cal.,  1909.  Gift 
of  the  League  of  California  Municipalities. 

Pan-American  Scientific  Congress.  Report  of  Delegates  of  the  United  States. 
Washington,  Govt.,  1909. 

Railway  Signal  Association.     Gift.  Proceedings.     Vol.  3,  1906;  Vol.  5,  1908. 

Reinforced  Concrete  Design,  Extracts  from  Concrete,  Plain  and 
Reinforced,  2d  Ed.  By  F.  W.  Taylor  and  S.  E.  Thompson.  New  York, 
1909.     Gift  of  authors. 

Smokeless  Combustion  of  Coal  in  Boiler  Plants.  By  D.  T.  Randall  and 
H.  W.  Weeks.  (Bulletin  No.  373,  U.  S.  Geological  Survey.)  Washington, 
Govt.,  1909.     Gift. 

First  International  Congress  of  the  Refriqbratinq  Industries,   Paris, 

October  5-12,   1908 

Gift  of  Gardner  T.  Voorhees 

Programs  in  French,  German  and  English. 

Summaries  in  French,  German  and  English  of  papers  and  reports  presented  to 
the  general  secretary  before  August  28,  1908.     Paris,  1908. 
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Reports  and  Papers  contained  in  pamphlet,  Fabrication  des  Gobelets  en  Glace,  by 
Brevet  Huizier;  Meat  Trades  Journal  and  Cattle  Salesman's  Gazette,  London, 
October  1,  190S;  Zeitschrift  fiir  die  Gesamte  Kalte-Industrie,  September  1908; 
La  Glace  et  les  Industries  du  Froid,  April  1907,  May  1908;  La  Bi6re  et  les 
Boissons  Ferment^es,  July  15,  September  15,  1907;  Ice  and  Cold  Storage, 
October  190S;  L']&v6nement,  L'Ev^n^ment  Illustrd,  October  5,  1908;  Si)ci6t4 
du  Froid  Industriel,  March  1908;  L'Edilit6  Technique,  September  1908,  Le 
Nouvel  Abattoir  de  Soissons 

HoLziMPRAGNiEUUNG.     Val.  Allut  Noodt.     Paris,  1908. 

Reports  on  the  Refrigerating  Industries  in  Great  Britain,  London,  1908;  France, 
October,  1908;  Germany,  Munich  and  Berlin,  1908;  Hungary,  Budapest,  1908; 
Italy,  Rome,  1908;  New  Zealand,  Wellington,  1908;  Argentine  Republic, 
Paris,  1908. 

Catalogues 

Brunn-Konigsfelder  Maschinenfabrik.  ParafEn-Kiihlanlage  fiir  die  Mineralol 
Raffienerie  "Schodnica"  in  Dzieditz. 

CoMPAGNiE  DES  EpuRATEURS  Kennicot.  Epuration,  filtration  et  distillation 
des  eaux. 

B.  Lebrun.     Machines  du  froid  et  de  la  Glace,  moteurs  a  gaz  pauvre,  et  petrole. 

B.  Lebrun,  Paris.  Ice  and  refrigeration  machinery,  refrigerating  plant  instal- 
lations. 

L.  Rousseau  et  Cie.     La  construction  des  installations  frigorigues. 

MiLLE  &  PouRCEL,  Paris.  Ice  machines,  gas  and  gasolene  engines  for  refrigerat- 
ing plants,  refrigerating  machinery. 

SociETE  Anonima  PER  Frigorigeni   Motori.     " Motorf rigors "    (Motors). 

SuLZER  Frfres.  La  nouvelle  installation  frigorigue  des  glacieres  de  I'aUmen- 
tation  k  Paris. 

EXCHANGES 

American  Society  of  Heating  and  Ventilating  Engineers.     Transactions. 

Vol.  13.     New  York,  1908. 
Engineering  of  Ordnance.     By  A.  T.  Dawson.     London,  1909.     (Supplement 

to  Vol.  19  of  Transactions  of  the  Junior  Institution  of  Engineers.) 
Incorporated  Institute  of  Automobile  Engineers.     Report  of  Proceedings, 

Session  of  1907-1908.     Vol.  2.     London,  1908. 
Index  to  the  Reports  of  the  Commissioner  of  Education.     1867-1907. 

Washington,  1909. 
Institution  of  Civil  Engineers.     Minutes  of  Proceedings.     Vol.176.     London, 

1909. 
Mining  Institute   of  Scotland.     List  of  Members.     1908-1909.     Hamilton, 

1909. 
Yale  University.     Report  of  the  President,  1909.     New  Haven,  Conn.,  1909. 

TRADE  CATALOGUES 

Sims  Co.,  Erie,  Pa.  Steam  separator  for  vertical  and  horizontal  pipe;  bulletins 
of  power-plant  apphances,  as  feed-water  heaters,  sheet-iron  exhaust-heads, 


1024  ACCESSIONS    TO    LIBRARY 

hot-water  generators,  steam  separators,  water  softeners,  oil  separators,  etc.; 
folder.  May  22,  1909,  purchasers  of  Sims  feed-water  heaters  and  hot-water 
generators. 

Century  Electric  Co.,' St.  Louis,  Mo.     Pingle-phase  motors. 

Joseph  T.  Ryerson  &  Son,  Chicago,  III.  Monthly  stock  lists  of  machinery,  iron 
and  steel  material. 

Scully  Steel  and  Iron  Co.,  Chicago,  lu.  fetock  list  of  bolts,  screw  punches, 
blacksmith's  vises,  etc. 

General  Electric  Co.,  Schenectadij ,  N .  Y .  Folders  on  feeder-regulators,  fan- 
motors,  measuring  instruments,  new  G.  E.  Tungsten  lamp  for  economic  con- 
sumption, Edison  gem  lamps  for  standard  multiple-lighting  circuits,  Tungs- 
ten lamp  installation,  various  applications.  Bulletin  No.  4665,  Electrical 
operation  of  pulp  and  paper  mills;  No.  4675,  Single-phase  motors,  typeRI; 
No.  4677,  Sprague  G.  E.  type  M  control  system;  No.  4680,  Sign  lighting  with 
G.  E.  Tungsten  lamps;  No.  4687,  direct-current  motor-starting  rheostats 
CR-107  and  CR-111;  No.  4688,  Compound  meter  board  non-inflammable, 
non-cracking  or  warping,  etc. 

National  Electric  Lamp  Association,  New  York.  Advantages  of  Tungsten 
lamp. 

T.  Richard,  80  Rue  Taithout,  Paris.  Conveying  machinery,  overhead  cranes, 
and  coal-handling  machinery. 

Underfeed  Stoker  Co.  of  America,  Chicago,  III.  Publicity  Magazine,  August 
1909. 

United  Electric  Light  and  Power  Co.,  New  York.     Light,  August  1909. 

Westinghouse  Electric  and  Mfg.  Co.,  Pittsburg,  Pa.  Folders  on  Type  D, 
Type  A  automatic  mercury-rectifier  battery-charging  outfit,  fans,  electric 
motors,  electric  power  for  domestic  purposes,  reading  meters,  8-in.  fan 
motors  for  alternating  and  direct  current.  Circular  No.  1079,  O.  I.  W.  C. 
trans  ormers;  No.  1144,  direct-current  mill  motors;  No.  1163,  Type  DA 
small  motors;  No.  1164,  Type  MS  mill  motors  polyphase  Iternating-current 
circuits. 

Whitehall  Portland  Cement  Co.,  Philadelphia,  Pa.  Cementology,  June  and 
July  1909. 


OFFICERS  AND   COUNCIL 

PRESIDENT 
Jesse  M.  Smith  New  York 

VICE-PRESIDENTS 

L.  P.  Breckenridge Urbana,  111. 

Fred  J.  Miller Center  Bridge,  Pa. 

Arthur  West    E.  Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1909 

Geo.  M.  Bond   Hartford,  Conn. 

R.  C.  Carpenter  Ithaca,  N.  Y. 

F.  M.  Whyte   New  York 

Terms  expire  at  Annual  Meeting  of  1910 

PAST  PRESIDENTS 
Members  of  the  Council  for  1909 

Ambrose    Swasey    Cleveland,  O 

John  R.  Freeman    Providence,  R.  I 

Frederick   W.   Taylor    Philadelphia,   Pa. 

F.  R.  HuTTON New  York 

M.  L.   Holman    St.  Louis,  Mo. 

MANAGERS 

G.  M.  Basford   New  York 

A.  J.  Caldwell^ Newburg,  N.  Y. 

A.  L.  RiKER   Bridgeport,  Conn. 

Terms  expire  at  Annual  Meeting  of  1909 

Wm.  L.  Abbott   Chicago,  III. 

Alex.  C.  Humphreys   New  York 

Henry  G.  Stott New  Rochelle,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt   New  York 

I.  E.  MouLTROP   Boston,  Mass. 

W.  J.   Sando    Milwaukee,   Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

TREASURER 
William  H.  Wiley   New  York 

HONORARY  SECRETARY 
F.  R.  Hutton    New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Akthur  M.   Waitt    New  York 

SECRETARY 
Calvin  W.  Rice 29  W.  39th  Street,  New  York 

'Deceased, 
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Arthur  M.  Waitt  (1),  Chairman 
Edward  F.  Schnuck  (2) 
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HOUSE 
Henry  S.  Loud  (1)  Chairman 
William  Carter  Dickerman  (2) 

Edward  Van  Winkle  (5) 

LIBRARY 
John  W.  Lieb,  Jr.  (4),  Chairman 
H.  H.  Suplee  (1) 

Chas.  L.  Clarke  (5) 

MEETINGS 
Willis  E.  Hall  (1),  Chairman 
Wm.  H.  Bryan  (2) 

H.  de  B.  Parsons  (5) 

MEMBERSHIP 

Henry  D.  Hibbard  (1),  Chairman 
Charles  R.  Richards  (2) 

Hosea  Webster  (5) 

PUBLICATION 

Arthur  L.  Williston  (1),  Chairman 
D.  S.  Jacobus  (2) 

Geo.  I.  Rockwood  (5) 

RESEARCH. 
W.  F.  M,  Goss  (5),  Chairman 
Ja8.  Christie  (1) 

Ch-^.  B.  Dudley  (4) 


Geo.  J.  Roberts  (3 
Robert  M.  Dixon  (4 


Bern.ard  V.  Swenson  (3 
Francis  Blossom  (4 


Ambrose  Swasey  (2 
Leonard  Waldo  (3 


L.  R.  Pomeroy  (3 
Charles  E.  Lucke  (4 


Francis  H.  Stillman  (3 
George  J.  FoR.'Usr  (4 


H.  F.  J.  Porter  (3 
H.  W.  Spangler  (4 


R.  C.  Carpenter  (2 
R.  H.  Rice  (3 


NoTK. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  serve. 
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SPECIAL  COMMITTEES 

1909 

On  a  Standard  Tonnage  Basis  for  Refrigeration 


D.  S.  Jacobus 
A.  P.  Trautwein 


John  E.  Sweet 


E.  F.  Miller 

On  Society  History 

Chas.  Wallace  Hunt 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 


Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 


0.  t.  voorhees 
Philip  De  C.  Ball 


H.  H.  SUPLBB 


F.  R.  Hutton 
D.  S.  Jacobus 


L.  D.  Burlingame 

M.   L.   HOLMAN 


Calvin  W.  Rice 


On  International  Standard  for  Pipe  Threads 
E.  M.  Herr,  Chairman  Geo.  M.  Bond 

William  J.  Baldwin  Stanley  G.  Flagg,  Jk 

On  Thurston  Memorial 
Alex.  C.  Humphreys,  Chairman 
•R.  C.  Carpenter 

Fred  J.   Miller 


Chas.  Wallace  Hunt 
J.  W.  LiEB,  Jr. 


Geo.  W.  Melville 


On  Hudson-Fulton  Celebration 


Jesse   M.  Smith 


On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 


M.  L.   HoLMAN 


E.  R.  Fellows 
C.  R.  Gabriel 


D.  S.  Jacobus,  Chairman 
Edward  T.  Adams 
George  H.  Barrus 


Fred  J.  Miller 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 

James  M.  Dodge 


Gaetano  Lanza 
On  Power  Tests 

L.  P.  Breckenridge 
William  Kent 
Charles  E.   Lucke 

On^Land  and  Building  Fund 
R.    C.    McKlNNEY 

Nominating  Committee 

Worcester  R.  Warner,  Chairman Cleveland,  0. 

Walter  M.  McFarland    Pittsburg,  Pa. 

Morgan  Brooks    • Urbana,   HI. 

David  Townsend    Philadelphia,  Pa. 

Francis  W.  Dean   Bostoa,   Mass. 
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SOCIETY  REPRESENTATIVES 
1909 

On  John  Fritz  Medal 
Henry  R.  Towne  (1)  F.  R.  Hutton  (3) 

Ambrose  Swasey  (2)  Chas.  Wallace  Hunt  (4) 

On  Board  of  Trustees  United  Engineering  Societies  Building 

Chas.  Wallace  Hunt  (1)  F.  R.  Hutton  (2) 

Fred  J.  Miller  (3) 

On  Library  Conference  Committee 
J.  W.  Lies,  Jr.,  Chairman  of  the  Library  Committee  of  The  Am.  Soc.  M.  E. 

On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 

On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 

On  Government  Advisory  Board  on  Fuels  and  Structural  Materials 

Geo.  H.  Barrus  P.  W.  Gates 

W.  F.  M.  Goss 

On  Advisory  Board  National  Conservation  Commission 

Geo.  F.  Swain   ,  John  R.  Freeman 

Chas.  T.  Main 

On  Council  of  American  Association  for  tJie  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


Note. — Numbers  in  parentheses  indicate  length  of  term  in  years  that  the  member  has  yet 
to  eerve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 

1909 

CHAIRMAN 
F.   R.   Low 

SECRETARY 
Geo.  a.   Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 
F.  H.  Stillman,  Chairman  G.  I.  Rockwood 

F.  R.  HUTTON  H.  H.  SUPLEE 

R.  H.  Fernald 

GAS  POWER  MEMBERSHIP  COMMITTEE 

Robert  T.  Lozier,  Chairman  D.  B.  Rushmore 

Albert  A.  Gary  A.  F.  Stillmak 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Cecil  P.  Poole,  Chairman  E.  S.  McGlelland 

R.  T.  Kent  C.  T.  Wilkinson  C.  W.  Obert 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  L.  N.  Ludy 

H.  R.  GoBLEiGH  L.  S.  Marks 

G.  D.  Conlee  T.  M.  Phetteplace 
R.  S.  de  Mitkiewicz  G.  J.  Rathbun 
H.  T.  Eddy  W.  Ratjtenstrauch 
L.  V.  Goebbels  a.  J.  Wood                                     S.  A.  Reeve 

GAS  POWER  INSTALLATIONS  COMMITTEE 
J.  R.  Bibbins.  Chairman  A.  Bement 

L.  B.  Lent 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 
I.  E.  Moultrop,  Chairman     H.  J.  K.  Freyn  V.  E.  McMullen 

W.  H.  Blaxjvelt  N.  T.  Harrington  C.  H.  Parker 

V.  Z.  Caracristi  J.  B.  Klumpp  J.  P.  Sparrow 

E.  P.  Coleman  G.  L.  Knight  A.  B.  Steen 

C.  J.  Davidson  J.  L.  Lyon  F.  W.  Walker 

W.  T.  Donnelly  D.  T.  MacLeod  C.  W.  Whiting 

Paul  Winsor  T.  H.  Yawger 

GAS  POWER  STANDARDIZATION  COMMITTEE 
C.  E.  Lucke,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  Bibbins  H.  F.  Smith 

Louis  C.  Doelling 
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ADVERTISING      SUPPLEMENT 


SECTION    1 


Machine  Shop  Equipment 


Machine   Shop  Equipment       -  -  -  ...  Section    1 

Power  Plant  Equipment  -----  Section   2 

Hoisting  and  Conveying  Machinery.      Power  Transmission      -  Section   3 

Engineering   Miscellany  .  .  .  -  -  Section  4 

Directory  of  Mechanical   Equipment  -  -  -  Section   5 


THE    WARNER    &    SWASEY    COMPANY 
CLEVELAND 


NEW  YORK 


CHICAGO 


We  offer  a  most  complete  line  of  high-grade  Turret 
Lathesfor  producing  work  accurately,  rapidly  and 
economically.  Our  catalog,  which  describes  these 
machines  fully,  will  be  mailed  on  request. 


No  8TURRET  SCREW  MACHINE,  Swing  20";  Automatic  Chuck  Capacity  3i 


THE  POND  RIGID 


TURRET  LATHE 


Driven  by  a  \xry  wide  single  pulley  or  direct  connected 
motor.  SO  to  1 50  per  cent  increase  in  production  of  such 
work  as  gear  blanks,  fly  wheels,  gas  engine  cylinders,  etc. 
Two  sizes,  21-inch  and  28-inch.  Turret  controlled 
entirely  by  power  or  by  hand.  Write  for  illustrated  cir- 
cular '  The  Pond  Rigid  Turret  Lathe." 


NILES=BEMENT=POND  CO., 


Ill   BROADWAY 
NEW  YORK 


EXTRACTS  FROM  THE  BOOK  OF  THE 

Copies  of  the  book 

Automatic  Screw  Chasing  Tool 

THE  automatic  turret  chasing  tool  is  for  cutting  screw 
threads  on  chuck  work. 

It  cuts  screws  of  any  diameter  from  ii^  down  to  2J 
inches  in  diameter  for  internal  screws  and  about  i  inch 
for  external  threads,  and  any  length  under  4  inches. 

It  consists  of  a  compact  tool  which  is  rigidly  bolted 
to  the  top  of  the  turret.  This  tool  contains  a  2-inch  slid- 
ing cutter  bar  and  a  small  lead  screw  with  automatic 
devices  for  engaging  and  disengaging  the  nut.  There  is 
also  a  small  rod  which  furnishes  a  rotary  connection 
between  main  spindle  of  lathe  and  the  lead  screw. 

In  use  the  cutter  bar  carries  the  cutter  or  chaser  back 
and  forth  over  the  work  automatically,  while  the  operator's 
only  duty  is  to  regulate  depth  of  cut  by  feeding  cross 
sliding  head  the  requisite  distance  each  trip  of  the  tool. 

This  chasing  tool  greatly  extends  the  working  range 
of  the  turret  lathe,  for  it  is  now  possible  to  include  that 
class  of  chuck  work  which  was  formerly  retained  by  the 
lathe  on  account  of  its  having  a  screw  thread. 

Much  of  this  work  has  been  distinctly  turret  lathe 
work,  but  on  account  of  the  turret  lathe  having  no  accu- 
rate means  of  completing  all  operations,  including  the 
screw  threading,  it  has  been  necessary  to  have  all  the 
work  done  on  the  engine  lathe. 

But  now,  with  this  feature  the  chuck  work  with 
screw  threads  may  have  the  advantage  of  the  most  rapid 
and  accurate  scheme  of  screw  cutting  combined  with  the 
unflinching  tool  control  and  other  features  for  accurate 
duplication  that  may  be  found  in  this  turret  lathe. 

An  extra  lead  screw,  with  nut,  is  required  for  each 
lead,  but  one  set  will  cut  any  diameter  and  either  right 
or  left-hand  screws. 


Springfield,  Vt., 
U.  S.  A. 


Jones  &  Lamson 


Germany,   Holland,  Belgium,   Switzerland  and  Austria-Hungary, 
M.     Koyernann,     Chariottenstrasse     112,    Diisseldorf,    Germany. 


HARTNESS    FLAT  TURRET   LATHE 

sent  on  request 


The  above  cut  shows  the  chasing  tool  in  working 
operation  (some  of  the  other  tools  have  been  removed  to 
give  a  fuller  view). 

The  main  casting  may  be  bolted  square  for  parallel 
screws,  or  at  any  angle  for  taper  screws.  A  removable 
key  fits  slot  in  turret  top  for  holding  tool  in  position  for 
parallel  threads. 

A  chaser-shaped  cutter  having  several  cutting  teeth 
is  furnished  for  U.  S.,  V  and  Whitworth  threads,  but  we 
recommend  the  use  of  single-point  cutters,  for  square  and 
Acme  standards;  also  for  all  threads  that  must  run  full 
close  to  a  shoulder. 

The  great  advantage  of  this  attachment  is  in  its  pro- 
ducing a  screw  thread  which  is  known  to  be  absolutely 
true  with  the  other  cuts  that  have  been  taken  at  same 
setting,  and  notwithstanding  its  rapid  operation  its  accu- 
racy exceeds  the  product  of  the  average  engine  lathe. 


Machine  Company 


Queen  Victoria  St. 
London,  England. 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paris.    Italy,  Adler  &  Eisenschitz,  Milan. 


To  Users  of  Taps  and  Dies 


This  Trade 


Mark  Means 


REGISTERED'' 


an  absolute  guarantee  of  first  QUALITY 

38  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class.    They  have  no  superiors,  and 

are  fully  guaranteed 

Taps  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 


Improved  Adjustable  Jaw=Bases 


This  new  cut,  here  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired, 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS  AND  PRICES  UPON  INQUIRY 

THE  D.  E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S. A. 


The  Standard  Tool  Cos 

"STANCO"  FORGED  TWISTED  HIGH  SPEED  DRILLS 


With   Standard  Taper  Shanks  are  the  most  satisfactory  and  reliable.      They  run 
true,   tit  regular  sockets  and  save  the   expense  of  special  sockets  or  chucks. 

CLEVELAND,  O.,  U.S.  A.,  and  94  ReadeSt.,  New  York 


MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


Morse  Twist  Drill  &  Machine  Co. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 

Makers  of  Drills,  Reamers,  Cutters,  Chucks,  laps.  Dies,  Arbors, 
Counterbores,  Countersinks,  Gauges,  Machines,  Mandrels,  Mills, 
Screw   Plates,    Sleeves,   Sockets,    Taper  P.ns   and   Wrenches. 


WE   BUILD    A  COMPLETE   LINE  OF   NEW   AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


Nationalmachinery/7)) 
TIFFIN. Ohio. U.S.A.  \^  / 


ERRINGTON  OPENING  DIE  ' 

Cuts  Parallel   Thread  to  SHotilder 


1  CortlandtSt. 
New  York 


Can  be  used  on 
^^  DRILL  PRESS, 
SPEED  LATHE, 
ENGINE  LATHE, 
TURRET  LATHE. 

Skeleton  Frame  Sheds  Chips 

Std.         Pipe 

No.  1  Threads  to %"    —      i" 

No.  2Thread8  to 1"    —      3' 

No.  3  Threads  to li'   —    1   " 

No.  4  Threads  to 2  "    —    H" 


Opens  Automatically, 


Worcester    Drill    Grinders 

These  machines  will  grind  high  speed 
drills  at  any  angle  to  suit  the  material 
and  with  any  clearness  to  meet  the  re- 
quirements of  the  feed. 

THE  WASHBURN  SHOPS 

OF    THE 

Worcester    Polytechnic    Institute 

^WORCESTER,  MASS. 


Worcester  Drill  Grinders 
Washburn  Sensitive  Drills 


Washburn  Speed  Lathe 
Worcester  Drawing  Stands 


NEWARK 


GEAR  CUTTING  MACHINE  CO. 

66  UNION  ST.,  NEWARK,  N.  J.,  U.  S.  A. 

AUTOMATIC   GEAR    CUTTING    MACHINES 

GEARS  AND   GEAR  CUTTING 

HENRY  E.   EBERHARDT, 

President 

HENRY  J.    EBERHARDT,  FRANK  E.    EBERHARDT 

Secretary  Treasurer 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.   N.  Y. 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at  Rock    Falls,   III. 


ADVERTISING     SUPPLEMENT 


SECTION  2 


Power  Plant  Equipment 


Machine   Shop  Equipment       -----  Section  1 

Power   Plant   Equipment          -----  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission   -  Section  3 

Engineering  Miscellany            .              -              .              -              -  Section  4 

Directory   of   Mechanical   Equipment                 -               .               .  Section  5 


CORLISS,  WIS.,  U.  S.  A. 

U.  S.  GOV'T,  NAVY  DEPT.— 1000  Mile  Comparative  Steaming  Test. 

U.  S.  S.  Birmingham  (Reciprocating  Engines)  30  tons  coal  per  hour. 
"        Chester  (Parsons  Turbines)         -         40        "  *' 

"        Salem  (Curtis  Turbines)        -  -     49        "  " 

The  Turbines  took  33J%  and  63^%  more  fuel  than  the  engines. 

The  Navy  Department  is  operating  five  Wisconsin  Engines. 


MASON    • 

REDUCING  VALVES 


reduce  and  maintain  an  even  pressure  of 
steam,  air  or  water,  regardless  of  changes 
In  the  initial  pressure.  Can  be  set  for 
any  pressure  by  turning  a  key  and  do  not 
have  to  be  locked — the  engineer  retains  the 
key.    They  are  absolutely  .'accurate 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS.,  U.S.A. 


IMMUNE    TO   the    evils    of    EXPANSION 


.^^^'i'% 


PROVED 


ITS 


h—    SUPERIOR  COMPARATIVE  MERITS 

^^3  FOR 

^        BOILER  BLOW-OFF,  ETC. 


BECAUSE    IT 


WRITE    FOR    BOOKLET 


meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED^AND  USED  BY  ii'o^P^oS^^Vs 

JOHN  SIMMONS  CO.,  no  centre  st..  New  York.  N.  Y. 


FOOS   PRODUCER   GAS    ENGINES 


FOR 

ELECTRIC  LIGHT 

AND 

POWER  PLANTS 

OF  ALL  KINDS. 


Vertical  Multiple  Cylinder 

Engines 

20  H.  P.  to  250  H.  P. 

Many  successful  producer 

gas  power  plants  in 

operation. 

Write  for  our 
catalogue  "B." 


JAMES  BEGGS  &  CO.,    109  Liberty  St.,  NEW  YORK 

The   Buckeye   Four -Stroke   Cycle 

GAS  ENGINE 

SINGLE  and  DOUBLE  ACTING 


In  powers  from  50  to  6000  Horses 

Catalogs  on  Application  Free  from  Complications 

BUCKEYE  ENGINE  CO.,  Salem,  Ohio 


Nash  Gas  Engines 

and  Producers 

are  simple,  economical  and  reliable,  and 
have  demonstrated  their  superiority  in 
service. 

Simple,  because  they  are  cap- 
able of  running  at  their  rated 
load  for  ten  consecutive  hours  on 
one  charge  of  fuel. 

Economical,  because  the  fuel 
consumption  is  but  one  pound  of 
coal  per  B.H.P.  hour. 

Reliable,  because  they're  Nash. 
WE  MANUFACTURE  A  COMPLETE  LINE  OF  WATER  METERS  i"TO  60' 

National  Meter  Co. 

NEW  YORK  CHICAGO  BOSTON 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.     Positive  lubrication 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets 

All  valve  cages  removable 

The  most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to   investigate 

Warren,  Pa. 

Pittsburg 
310  Hous*  Building 


STRUTHERS-WELLS    CO., 


New  York 
60  Church  Str««t 


Boston 
lO   P     O.  Square 


Murray  Corliss  Engine 

All  parts  ground  that  should  be  ground 


MURRAY  IRON  WORKS  CO. 


Incorporated  Feb.  1,  1870 


BURLINGTON,  IOWA 


Perfect  regulation  is 
insured  to 

Ridgway  Engines 

by  the  Ridgway  Inertia 
Governor.  Sensitive, 
reliable  and  convenient. 


The  Bulletin  of  our  Side  Crank  Engine  explains  and 
illustrates  this  in  detail. 

Particulars  ^     Ask 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PENNA. 
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The  Erwood  Swing  Gate  Valve 

as  a  Safety  Non=Return  on 
Condenser  and  Heater  Con nec= 
tions. 

The  Valve  is  KEPT  CLOSED  at  all  times  by 
means  of  a  spring  of  light  tension,  the 
Swing  Gate  opening  at  each  impulse  of  the 
engine;  but  SHOULD  THE  VACUUM  BE 
LOST,  OR  THE  CONDENSER  OR 
THE  HEATER  BECOME  FLOODED, 
THE  WATER  CANNOT  BACK  UP 
THROUGH  THE  ERWOOD  VALVE 
INTO  THE  CYLINDER. 

Flooded  Condensers  or  Flooded  Heaters 
are  no  longer  a  menace  if  the 
Erwood  Valve  be  used. 

WALCH  &  WYETH, 

87  Lake  St.  Chicago 

ROBB-MUMFORD 
WATER   TUBE    BOILER 


Free  expansion  of  tubes 

Perfect    water    circula- 
tion 

Dry      or     superheated 

Steam 

Half  the  usual  number 
of  handholes 


Built  in  Canada  by  ROBB  ENGINEERING  CO.,  Ltd.,  Amherst,  N.  S. 

ROBB-MUMFORD  BOILER  CO. 

WoEKs:  SoDTH  Framingham,  Mass. 

Sales  Department:  131  State  Street,  Boston,  Mabs. 

New  York  Office:  90  West  Street 
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are  made  for  men  who  appreciate 
the  important  relation  that  the  valve 
equipment  bears  to  the  safe,  steady 
and  satisfactory  production  and 
distribution  of  power. 


Every   part  is   made  under  intelli- 
gent supervision,  careful  inspection 
and   rigid   test. 


Our  1909,  224-page  Valve  Catalogue,  treating  of  the 
most  modern  types  of  Gate,  Globe,  Angle  and  Check 
Valves,  for  Water,  Saturated  or  Superheated  Steam  and 
other  fluids,  for  any  pressure,  for  any  temperature,  will 
be  forwarded  on  request. 


Nelson  Valve  Company 

PHILADELPHIA,  PA. 

New  York,  Hudson  Terminal  Bldg.  Detroit,  Penobscot  Building 

Chicago,  425  S.  Dearborn  Street  Minneapolis,  622  Andrus  Building 

Pittsburgh,  525  Third  Avenue  San  Francisco,  Atlas  Building 

Cleveland,  Perry-Payne  Building  Butte,  Mont.,  56  E.  Broadway 


J2 


WHAT  fuel  is  the  handi- 
est and  cheapest  for  you 
to  use?  Whether  it  be  na- 
tural, illuminating  or  pro- 
ducer gas,  gasoline,  alcohol, 
naphtha  or  distillate,  you  can 
use  it  with  greatest  economy 
and  efficiency  in 

Du  Bois  Gas  and  Gasoline  Engines 

Catalog  "P"  describes  our  line  (5  to  375  H.P.),  ivhich  also  includes  Producer 
Gas  Plants  and  Engines. 

DU  BOIS  IRON  WORKS,     sie  Brady  St.,  du  bois,  pa. 


HEINE   TJil   BOILERS 

and 

SUPERHEATERS 

In   units  of  from  50  to  600   H.  P. 

Heine  Safety  Boiler  Co.,  St.   Louis,    Mo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


RIVERSIDE  HEAVY  DUTY  DOUBLE-ACTING  TANDEM  GAS  ENGINE     (CUSS  F) 

Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service      Built  in  twelve 
types,  seventy-two  different  sizes  from  10  to  2500  H.  P. 

RIVERSIDE    ENGINE    COMPANY  on  City,  Pennsylvania 

The  Hooven,  Owens 
Rentschler  Co, 

Manufacturers  of 

Hamilton  Corliss 

Engines 
Hamilton  High  Speed 

Corliss  Engines 
Hamilton  Holzwarth 

Steam  Torbines 

Special  Heavy 

Castings 

HAMILTON,  OHIO 
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"THE  CONTROLLING 
ALTITUDE    VALVE" 

maintains  a  unitorm   stage  of 

water  in  standpipes,  reservoirs 

or  tanks. 

"WORKS  BOTH  WAYS' 

No  overflow  in  case  of  fire  pres- 
sure. Valves  closed  by  water 
and  electricity. 

Valves  up  to  20' 

Golden' Anderson  Valve 

Specialty  Company 

1 032  Fulton  BIdg.,  Pittsburg, Pa. 


AUTOMATIC   FLOAT  VALVES 
"SIMPLY    HAVE    NO    EQUAL" 


Angle  or 
Straight    Way 


American  Ball  Angle  Compound  Engine 


represents  the  latest  development  in  practical 
Steam  Engineering,  combining  the  follovi'ing 
features:  Perfect  balance,  uniform  torque, 
high  economy,  small  floor  space,  smooth, 
quiet  running,  no  dead  centers,  extreme  sim- 
plicity, moderate  cost,  small  foundation  and 
perfect  satisfaction. 

Write  for  oui  new  bulletin 

"The  Modern  Automatic  High-Speed  Engine" 


American  Engine  Company 

42  Raritar  Ave.    Bound  Brook,  N  J. 


Saves  Frictional  Wear 

That's  what  Dixon's  Flake  Graphite  does  wherever  it 
is  used.  And  remember  that  it  is  the  wear  that  depre- 
ciates all  machinery.  Dixon's  Flake  Graphite  will 
reduce  this  wear  to  a  minimum  in  every  instance,  relieve 
friction,  prevent  damage  and  repairs  that  result  from 
parts  running  hot.     Write  for  free  sample. 

JOSEPH  DIXON  CRUCIBLE  CO.  Jersey  City,  N.  J. 

HIGH    VACUUM 
APPARATUS 

CONDENSERS 
AIR   PUMPS 
Feed  Water  HEATERS 
Water   Cooling 
TOWERS 
Boiler   Feed  and   Pres- 
sure PUMPS 

C.  H.  Wheeler  Mfg.  Co. 

PHILADELPHIA 

New  York  Chicago 

San  Francisco 
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OVER  ONE  MILLION 

Genuine  "Detroit"   Sight=feed  Lubricators  in 
service  all  over  the  World 

Some  one  of  our  451   different   styles  and  sizes  of  sight-feed 
lubricators  will  fill  any  requirement  you  may  have 

THE  GENUINE  "DETROIT" 

Is    simple  and   dependable,     (Look    out   for   substitutes.) 

Qetroit  Lubricator  Company 

DETROIT,   U.  S.  A. 
FOR  THE  HIGHER  THAN  ORDINARY  PRESSURES 

GATE   VALVES 

with  double  disc,  taper  seats  and  central  ball  bearing  de- 
vice are  the  tightest  by  reason  of  their  flexibility  and 
compensating  features,  thus  taking  up  any  possible  dis- 
tortions or  strains,  expansions,  etc. 
Catalogue  explains  merits  of  Construction  and  Operation 

The  KENNEDY  VALVE  MANUFACTURING  CO. 

Elmira,  N.  V.,  and  57  Beekman  St.,  New  York  City 

Agencies  in  Chicago,  San  Francisco,  Portland,  Ore.,  New  Orleans, 
Louisville,  Ky.,  Boston. 

LINDSTROM'S  CORLISS   VALVE  STEAM   TRAP 


None 
Better 


Simplicity 

Durability 

For  -i    Reliability 

Economy  and 
Emergency 

Write  for  Booklets 


JOHN  T.  LINDSTROM 

214  South  Third  Street 
ALLENTOWN,  PA 


«^— 


Albany    Steam    Traps 

are  the  result  of  thirty-five  years  spe- 
cializing in  the  production 
of  Steam  Traps 

Owners  and  Engineers  of  Steam  Plants  are 

requested  to  write  us  for  data 

concerning'  the 

SPECIAL  BUCKET  RETURN  TRAP 


ALBANY  STEAM  TRAP  CO., 

Established   1870.         JAMES   H.  BLESSING,  Pres. 


Albany,  N.  Y. 

THOS.  F.  RYAN,  Sec    and  Treas. 
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Shop  Management 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

from  1890  to  1908 

The 

i  Society  has  a  limited  number  of   copies  of  papers  on 

Shop 

Management  which  have  been  presented  before  it.     Orders  will  be 

filled  until  the  supply  is  exhausted. 

List 

No. 

767 

Accurate  Cost-Keeping  System,  H.  M.  Norris 

Price 

$0.20 

928 

Bonus  System  of  Rewarding  Labor,  H.  L.  Gantt 

.20 

239 

Capital's  Need  for  High-Priced  Labor,  W.  E.  Partridge 

.20 

909 

Drafting  Room  and  Shop  Systems,  F.  0.  Ball 

.30 

998 

Drawing  Office  Equipment,  John  McGeorge 

.20 

143 

Drawing  Office  System,  H.  R.  Towne 

.10 

965 

Gift  Proposition  for  Paying  Workmen,  F.  Richards . .  .  . 

.20 

1002 

Graphical  Daily  Balance  in  Manufacture,  H.  L.  Gantt  . 

.20 

1012 

Is  Anything  the  Matter  with  Piece  Work?    F.  Richards 

,     .20 

1001 

Machine  Shop  Problem,  C.  Day 

.20 

711 

Method  of  Determining  Selling  Price,  H.  M.  Lane 

.10 

739 

Method  of  Shop  Accounting,  H.  M.  Lane 

.10 

1011 

Modifying  System  of  Management,  H.  L.  Gantt 

.10 

647 

Piece  Rate  System,  F.  W.  Taylor 

.30 

449 

Premium  Plan  of  Paying  for  Labor,  F.  A.  Halsey 

.20 

256 

Problem  in  Profit  Sharing,  Wm.  Kent 

.30 

1040 

Rational  Basis  for  Wages,  H.  Emerson 

.10 

596 

Relation  of  Drawing  Office  to  Shop  in  Manufacturing, 

A.  W.  Robinson 

.20 

1003 

Shop  Management,  F.  W.  Taylor 

.90 

209 

Shop  Order  System  of  Accounts,  H.  Metcalfe 

.40 

287 

Short  Way  to  Keep  Time  and  Cost,  H.  L.  Binsse 

.10 

1010 

Slide  Rules  for  the  Machine  Shop,  C.  G.  Barth 

.10 

1115 

History  of  a  System  of  Shop  Management,  J.  M.  Dodge 

.10 
$5.00 

$4.00  fo 

r  the  set. 

Members'  rates  are  half  the  list  price. 

Address  Calvin  W.Rice,  Secretary, 29  West  39th  St.,  New 

York. 
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ADVERTISING      SUPPLEMENT 


SECTION   3 

Hoisting  and  Conveying  Machinery 
Power  Transmission 


Machine   Shop  Equipment       -----  Section    1 

Power   Plant   Equipment          -----  Section  2 

Hoisting   and  Conveying    Machinery      Power  Transmission      -  Section   3 

Engineering   Miscellany            -----  Section  4 

Directory   of   Mechanical   Equipment                .              .              .  Section   D 


WILL  PAY  FOR  ITSELF 
IN  THREE  IMONTHS 

II  An  E.  C.  k  M.  Magnec  will  pay  for  itself  in 
three  months;  this  may  sound  rash  but  when  you 
consider  the  fact  that  one  magnet  will  do  the 
work  of  from  ten  to  fifteen  men  it  means  at  least 
$15.00  a  day  saved. 

TI  Think  this  over;  write  us  your  conditions  and 
present  methods  of  handling  your  rough  and 
finished  product. 

REMEMBER 

Our  magnets  are  dependable — they  will  lift 
more  and  wear  longer  than  any  competitive 
magnet.v-    Let  us  prove  it  to  you. 

THE 

ELECTRIC  CONTROLLER  &  MFG.  CO. 

CLEVELAND,  O. 


tA\ 


The  Triplex  is  a  One  Man 
Block 

Y^ITH  it,  one  m^n  can  lift  its  full  rated 

capacity,  can  hold  the  load  in  place 

while    making   the    most   dehcate    adjust- 

secliai  View  of   ments  and  can  lift  or  lower  the  load  to  just 

Triplex  Block  show- 

clar'"^^  '"^e"""^'   the  right  height,  without  a  helper. 
A  HEAVY  AND  DELICATE  PIECE  OF  WORK  IS  TURNED 
INTO  A  ONE  MAN  JOB  BY  ITS  AID 

It  is  made  in  14  sizes,  from  i  to  20  tons,  and  is  one  of  the 

full   line  of    hoisting    devices   shown    in    our   catalogue. 

Write  to  us  or  to  your  dealer  for  a  copy. 

The  Yale  &  Towne  Mfg.  Co.,  9  Murray  St.,  New  York 

Foreign  Warehouses:  The  Fairbanks  Co.,  London  and  Glasgow. 

Fenwick,   Freres  &  Co.,  Paris,  Brussels,  Liege  and  Turin. 
Yale  &  Towne,  Ltd.,  Hamburg.  F.  W.  Home,  Yokohama. 
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Clebelanb  Cranes; 

are  the  embodiment  of  everything  that  is  dependable 
and  powerful  in  the  making  of  scientific  hoisting 
machinery.  The  most  modern  of  improvements  are 
incorporated  in  their  construction  and  the  resultant 
service  rendered  is  of  the  highest  order. 


Forward  YOUR 
Specifications. 


The  Cleveland  Crane  ft  Cab  Co> 

-»  Wickliffe.Omio.  -^      EN6iKeRni«Ca 


Write    for    our 
detailed  catalog. 


THE    J.     M.    DODGE    COMPANY 

NICETOWN,     PHILADELPHIA 

CONTRACTING,  ENGINEERS. 

"The  Dodge  System"   of  Coal   Storage 

Cranes,,^  Bridge  Tramways^  Telphers  and  other  apparatus  for 
the  Transportation  of  material 

'  Concrete  and  Steel  Structures^ 


LINK  CHAIN  BELT  GO'S 

System  of  Elevating 
Conveying  and  Power 
Transmission  Machinery 
Silent  Chain  Drives 
and    Gravity  Roller  Conveyors 

Experts  on  reduction 

of  Factory  Costs 


Write  for  Catalogue  20-E 


-r^    SO  CHURCH  ST. 


NEW  YORK 


Illustration  shows  our  chain  on  several  drives  transmitting  power  from  a  gas  engine  to  a  car  truck. 


THE  KENERSON  POWER  METER 

\X7E  have  arranged  for  the  manufacture  and  sale  of  a  new,  accurate  and 
eminently  practical  transmission  dynamometer,  The  Kenerson  Power 
Meter.  IJThis  meter  does  not  absorb  the  power  to  be  measured,  in  other 
words  is  not  a  friction  brake,  but  measures  without  loss  the  power  transmitted 
through  shafts  or  belts.  llThe  instrument  is  very  compact,  and  can  be  applied 
in  the  same  space  as  the  ordinary  flange  shaft  coupling  or  friction  clutch  and 
with  no  more  difficulty. 

BUILDERS  IRON  FOUNDRY         Providence,  R.  I. 
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ICRANESl 

NORTHERN  ENGINEERING  WORKS, ^(^1^°'^ 


You    get   the    acme    of   Crane 
quality    when     you    purchase 


CRANES 


HOISTS 


ELECTRIC  AND  HAND  POWER 
ALL   TYPES  AND  CAPACITIES 


ALFRED    BOX    &    CO. 


Philadelphia.  Pa. 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 

THE  ALLIANCE  MACHINE  CO.  Alliance,  Ohio 

Pittsburg  OfEre,  Frick  Building.  BirmiDebam  Office,  Woodward  Building 


COMPLETE  EQUIPMENT 

AND  Cranes  of"All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant 
delivered   to   purchasers   ready  to  run. 

Whiting  Foindry  Eqiipment  Co. 

Manufacturers,  Engineers,  Designers 
HARVEY,   ILL.  (Chicago,  suburb) 


l'.» 


ELECTRIC  TRAVELERS 
All  Types  for   Every  Service 


CONVEYING 


AND 


POWER-TRANSMISSION 
MACHINERY 

Link-Belt 
Company 


PHIUDELPHIA 


CHICAGO 


INDIANAPOLIS 


New  York:  PiTTsauRaFi:  Sr.  Iioois: 

^299  Broadway.     1501-02  Park  Bldg.  Missouri  Trust  Bldt;.^ 

Seattle:  Denver: 

439-440  N.  Y.  Block.  Lindrooth,  Sbubart  &  Co. 

New  Orleans: 
Wilmot  Machinery  Co. 


ill  MADE   FROMiPW, 

ROEBLING  WIRE 

BY  M 

A.ROEBLING'S 


THE 

STANDARD 

WIRE 

ROPE 
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Jeffrey 
Conveyers 

andj 

Elevators 

are  the  most  satisfactory  and  eco- 
nomical means  of  handlmg  BuU'C 
or  Package  Materials  of  any  kind. 

Send  for  Catalog  K-67. 


We  Build 

Coal  and  Ashes  Handling  Systems 

for  Power  Plants, 

Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples,  Coal  Washeries, 
Locomotives,  Coal  Cutters,  Drills,  etc.    Complete  Coal  Mine  Equipments 

The  Jeffrey  Mfg.  Company 

COLUMBUS,  OHIO 

New  York  Chicago  Boston  Buffalo  St.  Louis  Pittsburg 

Montreal,  Can. 


Denver 


Knoxville 


Charleston.  W.  Va. 


Ever    Try    a    Diamond    Chain    Drive? 

Any  good  mechanic  will  tell  you  that  a  chain  drive,  with  its  steady 
even  pull,  its  slight  elasticity,  its  positive  speed  ratio  and  absence  of 
initial  tension  is  far  better  than  other  methods,  when  it  comes  to  pre- 
venting wear  and  tear  on  machine  bearings,  and  protecting  the  edge 
of  cutting  tools.  These  qualities  also  effect  a  noticeable  saving  of 
power. 

DIAMOND  CHAIN  DRIVES  will  make  your  machines  pro- 
duce more,  while  the  reduced  attention  which  they  require  permits 
one  attendant  to  handle  a  greater  number  of  machines. 

You  can  depend  upon  Diamond  Chains  on  the  most  delicate  auto- 
matic machine.  The  timing  of  the  movements  will  be  absolutely 
accurate.  There  will  further  be  a  space  saving  over  other  driving 
methods  and  less  obstruction  to  light. 

Chain  drives  are  elastic  enough  to  cushion  sudden  shocks.  Still 
greater  elasticity  can  be  obtained  by  using  spring  cushioned  sprockets. 

You  get  these  advantages  without  a  greater  first  cost  by  using 
Diamond  Chains.  Do  you  wonder  that  they  are  replacing  older 
methods  ? 

Ask  for  Book  on  "Chain  Transmission  of  Power." 


Diamond  Chain  &  Mfg.  Co. 

(Capacity,  8,000,000  ft.  per  year) 


259  West  Georgia  Street 


Indianapolis,  Ind. 


41 
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The  above  illustration  shows  cleaning  gang  drilling  out  scale  in  B.  &  W.  Water  Tube  Boilers. 
Boilers  had  formerly  to  be  opened  and  cleaned  every  four  weeks.  A  "Eureka"  Water  Softener 
was  installed  over  two  years  ago,  and  since  that  time  boilers  are  opened  only  once  each  six 
months  for  insurance  inspection.  "Tubes,  headers  and  other  connections  free  from  scale, 
deposit  or  corrosion,"  is  now  the  invarible  report  of  the  Insurance  Companies. 


Your  Choice:— Scale  or  No  Scale— Which? 

If  your  fectl  water  has  the  scale-fonninf!;  habit,  don't 
wait  until  it  gets  into  the  lieater  or  boiler  before 
applying  the  cure.  It's  too  kite  then.  The  only  SURE 
remedy  is  to 

Remove  the  incrusting  solids  from  the  raw  water. 

It  is  then  IMPOSSIBLE  for  scale  to  form  in  your 
heaters,  boilers,  pipes  and  pumps.  Let  us  convert 
your  hard  water  into  a  soft,  non-incrusting  supply  by 
inst.alling  a 

"EUREKA" 
Water  Softener  and  Purifier 

The  treated  water  is  ideal  for  high  class  industrial  work,  such 
as  dyeing,  bleaching,  general  textile  manufacture,  laundering, 
etc.  Our  literature  contains  facts  and  figures  that  will  interest 
you.     Sent  free  upon  request. 

OUR  MOTTO:       Treat  the  water  before  it    enters  the    boilers. 

DODGE    MANUFACTURING    CO. 


station  J  45 


Mishawaka,  Indiana 
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ADVERTISING      SUPPLEMENT 


SECTION  4 


Engineering   Miscellany 


Machine   Shop   Equipment       -----  Section    I 

Power  Plant   Equipment  ....  -  Section  2 

Hoisting   and  Conveying   Machinery.      Power  Transmission      -  Section  3 

Engineering   Miscellany  .....  Section  4 

Directory  of   Mechanical   Equipment  .  -  -  Section   5 


DRY  AIR  vs.   MOIST  AIR 

Ventilation 

It  is  not  a  question  of  whether  or  not  the  textile  mill  is  to  be  ventilated,  but 
HOW  it  will  be  ventilated. 

Practically  all  mills  during  hot  weather  open  the  windows  to  procure  natural 

ventilation  to  assist  in   cooling  their  mills.      This  air  is   dry  and   at  the 

outside  temperature. 

WITH  THE    CARRIER   SYSTEM    all  the  air  for  ventilation  enters  the 

building  through  the  humidifier.     This  air  is  moistened  to  saturation  and  on 

very  hot  days  leaves  the  humidifier  from  14°  to  18"  BELOW  the  outside 

temperature. 

Which  does  the  most  cooling? 
Which  does  the  most  humidifying? 

DRY  AIR  VENTILATION  through  the  windows  brings  in  dirt  and  dust, 
creates  draughts  that  break  the  yarns  and  the  quantity,  being  dependent 
upon  the  atmospheric  conditions,  is  not  easily  controlled. 
MOIST  AIR  VENTILATION  by  the  Carrier  System  thoroughly  cleanses 
the  air,  produces  no  draughts  and  the  quantity  is  controlled  at  the  will  of 
the  operator, 

CARRIER  AIR  CONDITIONINGCO. 

OF  AMERICA 
39  Cortlandt  St,,  New  York 

(143-C) 


UNIVERSAL 
CASTIRQN 


»  '   Trrp 


PIPE 


Is  Cast  Iron  Pipe  w^ith 
Male  and  Female  Ends 
and  Contact  Surfaces 
machined  on  a  taper 
giving  the  equal  of  a  ground  joint.    By  making  the 

tapers  of  slightly  different  pitch,  the  joint  is  pivotal  at  any  point  in 
its  periphery,  and  the  rigidity  of  "turned  and  bored"  joints  does  not 
obtain — hence  the  name  UNIVERSAL. 

The  sections  are  held  together  by  bolts,  two  bolts  to  a  joint  sufficing  except 
for  extreme  pressures.  The  pipe  can  therefore  be  laid  with  minimum 
labor — and  no  caulking  with  molten  lead,  jute,  etc. 

Universal  Pipe  provides  for  expansion  and  contraction,  vibration,  and 
deflection  due  to  unequal  settlement.  It  affords  a  path  of  such  low  resistance 
for  stray  electrical  currents  that  deterioration  by  electrolysis  is  practically 
eliminated. 

The  result  is  a  pipe  that  does  not  leak  and  continues  not  to  leak.  The 
economy  effected  in  laying  offsets  the  cost  of  machining.  The  saving  through 
eliminated  leakage  and  in  maintenance  is  material.    Write  for  full  particulars. 


Central  Foundry  Company, 


37  WALL  ST. 

NEW  YORK 
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General  Electric  Company 


Automatic  Motor 
Control  Apparatus 

For  automatically  starting  and 
stopping  motor-driven  pumps  in 
order  to  maintain  a  predetermined 
fluid  level  or  pressure. 


This    apparatus    is    also    adapted 

to  and  used  for  operating  motors 

nT,ion<^uc   .■     iju  by    hand     control     from     points 

C-R-120Selt-Starting  Rheo-  -^  ^ 

i5-i5Th°p  ^"  ^' lioToits  remote  from  the  motor. 

20-150     "   '.  .  .'.  .  .220      "  ^' 
20-150     " 550      •' 

In  large  sizes,  where  the  starting  current  is  too  large  to  be 
carried  by  the  rheostat  switch  contacts,  the  above  type  of 
self-starting  rheostat  is  recommended.  With  this  design  the 
resistance  is  cut  out  by  means  of  contactors,  the  rheostat 
switch  contacts  carrying  only  the  small  amount  of  current 
necessary  to  energize  the  contact  or  coils. 

This  apparatus  has  all  the  advantages  of  General  Electric 
construction  throughout.  The  contactors  are  provided  with 
laminated  copper  leaf  brushes,  two  auxiliary  contacts  and 
strong  magnetic  blowouts.  The  air  dash-pot  is  not  affected 
by  surrounding  temperature,  and  the  pipe  support  insures 
easv  installation. 


New.^York  Office: 
r  30  Church  Street 


Principal  Office: 

Schenectady,  N.  Y. 


Sales  Offices   in 
All  Large  Cities 

2143 
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The  Jeanesville   Iron   Works  Co. 
hazleton,  pa. 

Builders  of 

High-Grade    Pumping    Machinery 
Direct-Acting,  Fiy-Wheel  and  Centrifugal 

for 

Elevator,    Mine    and    Waterworks    Service 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  6  1-69  N.Jefferson 
Street,  Chicago,  111. 

New  York  Office,  139-41  Cortlandt  Street 


CONVEYORS 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

The  Society  has  a  limited  number  of  copies  of  papei-s  on  Con- 
vej'Ors  which  have  been  presented  before  it.  Ordei-s  will  be  filled 
until  the  supply  is  exhausted. 

List 
No.  Price. 

171  Belts  as  Grain  Conveyors,  Hugo i^O.lO 

277  Conveyors  for  Coal,  Dodge .10 

1190  Hoisting  and  Conveying  Machinery,  Titcomb 20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  Tomlinson.  . .     .10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

Members'  rates  are  half  the  list  price. 

The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,  New  York 


ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

•■  Thomas  S.  Clarkson  Memorial 
Organized  Under  Chahtkr  of  the  Univer- 
sity OF  THE  State  of  New  York.  Courses  lead- 
infr  to  degrees  of  Bachelor  of  Science  in  Chemical, 
Civil,  Electrical  and  Mechanical  Enffineering,  com- 
prising four  years  of  thorough  training  and  resi- 
dent college  work  in  theory  and  practice  of  engi- 
neering. Copies  of  Clarkson  Bulletin,  published 
quarterly,  mailed  on  application. 

Wm.  S.  Aldrich,  Director, 
POTSDAM,  N.  Y. 

POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering.  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkinson, 
Ph.D.,  President;  W.  D.  Ennis,  Member  A. S.M.E., 
Professor  Mechanical  Engineering. 


TUFTS  COLLEGE 

Department  OF  Engineering.  Civil,  Mechan- 
ical, Electrical  and  Chemical  Engineering.  New 
laboratories  and  excellent  equipment.  Beautiful 
site  within  four  miles  of  Boston.  Preparatory  de- 
partment for  students  who  have  had  engineering 
practice,  but  insufficient  preparation  for  college 
work.  For  information  concerning  courses  and 
positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE  P.   O.,  MASS. 


THE  RENSSELAER  POLYTECHNIC 
INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical  En- 
gineering and  General  Science  leading  to  the  de- 
grees, C.E.,  M.E.,  E.E.  and.B.S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.  Y. 


THE   UNIVERSITY   OF   MICHIGAN 

Ann  Arbor,  Mich. 

Department  of  Engineering.  Courses  offered 
in  Civil,  Mechanical,  Electrical,  Chemical,  Marine 
Engineering  and  Naval  Architecture,  Architecture 
and  Architectural  Engineering,  and  Geological 
Engineering.  Four,  five  and  six  year  courses. 
University  attendance,  5000;  Engineering  atten- 
ance,  1350. 

For  special  Bulletins  address 

J.'k.MES  P.  Biro,  Secretary. 

NEW  YORK  UNIVERSITY   SCHOOL 
OF  APPLIED  SCIENCE 

Departments  or  Civil,  Mechanical  and  Chemi- 
cal Engineering. 

For  announcements  or  information,  address 

Charles  Henrv  Snow,   Dean. 

UNIVERSITY   HEIGHTS,   N.   Y..   CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical — Civil — Mechanical 

181  LaSalle  Street,  CHICAGO 


F.  W.  DEAN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect, 
Exchange  Building,  53  State  St.,  BOSTON,  MASS. 


EARLE  C.  BACON 

Member  A.  S.  M.  E. 
Hoisting,  Crushing  and  Mining  Machinery 

Havemeyer  Building,  NEW  YORK 


BERT.  L.  BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,   Specifications   and   Superintendance   of 
Manufacturing  Buildings,  Plants  and  Equipments 
of  same. 

Perin  Building,  CINCINNATI,  OHIO. 


WILLIAM  R.  CONARD 

.\ssoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Rails,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives,  etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials, 322  High  Street,  BURLINGTON,  N.  J. 
.Maison  Blanche  Bldg.,  NEW  ORLEANS,  LA. 

R.  C.  Huston,  C.E.,      Southern  Representative 


J.  A.  HERRICK,  Consulting  Engineer 

Member  A.  S.  M.  E. 

The  Herrick  Patented  Gas  Producers,  Gas  and 
Air  Valves,  Gas  Furnaces,  Regenerative  and 
Direct  Fired — all  purposes. 

Room  1C03,  No.  2  Rector  St.,  N.  Y.  City 


D.  HURLEY^  &  COMPANY 

P    '  Factory  and  Mill  Engineering 

17  Custom  House  Street,     PROVIDENCE.  R.  I. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 
Mill  Engineer  and  Architect 
Room  911,  45  Milk  Street,  BOSTON,  MASS. 

J.  G.  O'NEIL 

Member  A.  S.  M.  E. 
Contracting  Engineer;  Boilers,  Engine  Pumps 
and  Steam  Specialties. 

304  The  Rookery,  CHICAGO,  ILL. 
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ADVERTISING     SUPPLEMENT 


SECTION  5. 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry  Equipment;   Pumping   Machinery;   Power 
Transmission  Machinery;   Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


Machine  Shop  Equipment        .  .  -  .  -  Section    I 

Power  Plant  Equipment  -----  Section  2 

Hoisting   and  Conveying  Machinery.      Power  Transmission       -  Section  3 

Engineering   Miscellany  -----  Section  4 

Directory  of  Mechanical   Equipment  -  -  -  Section   5 


MACHINE  SHOP   EQUIPMENT 


AMKUIC  AN  TOOL  &  MACHINE  COMPANY 

BOSTON,  MASS. 

Maimfactuiers  of  Lathes,  Valve  Milliiij;  Macliiiics,  Oil  Separators,  lielt  Knife 
Leather  SplittiiiK  Machines,  Improved-Worrall  Krietion  Cluteh  System.  Sole  makers 
of  40"  Belt  Driven  and  40"  anil  .Sfi"  Water  Driven  Weston  Centrifusals. 


LATHES 

VALVE 

MILLING 

MACHINES 

OIL 

SEPARATORS 


AMERICAN  WATCH  TOOL  COMPANY 

WALTHAM,  MASS. 

Bench  Lathes,  Automatic  Pinion  Cutters,  .\iitomatic  Wheel  Cutters,  .Sensitive 
Drills,  Profiling  Machines,  machinery  particularly  adapted  for  meter  manufacturiiif;, 
tool  room  and  laboratory  work.  Kstimates  given  on  special  work.  Send  for  new 
cabtlogue. 


H.   G.   BARR 

!  n  Hermon  St.  WORCESTER.   MASS. 

Singk'  and    Multiple   Drillinu-  Mat-hines  with  or  without  power  feed, 

"General  Eleetrie"  Motor  drive  ifde.sired.  No.  1  or  No.  2,  "Morse Taper."" 
^  Over  75  styles,  adapted  to  every  need.     These  machines  will  do  more  than 

the  twist  drills  can  stand  up  to. 


PRECISION 
MACHINERY 


DRILLING 
MACHINES 


BETTS 

MACHINE  CO. 

WILMINGTON,  DEL. 

We 

build 

a  complete  lint 

of  Vertical  Boring  Mills,  Planinj> 

Mac 

hines, 

Slotting 

Machi 

nes,  Horizontal 

Boring  Machines,  etc.,  etc. 

HEAVY 

MACHINE 

TOOLS 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  (Irinding:  Wheels  for  every  possible  frriiuIiTif,'  need.  Sharpening:  Stones, 
Oil  Stones,  Ruhbing  Bricks,  Carborundum  Paper  and  Cloth.  Valve  Crinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUM 
PRODUCTS 


S.   W.   CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.     Established  1874. 


TAPS 


THE   J.    M.    CARPENTER   TAP  l^  DIE  CO. 

PAWTUCKET,  R.   I. 

Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap   Wrenches,  etc, 
and  3S  vears  in  the  lead. 


have  been  SS  \  ears  on  the  market 


TAPS  AND 
DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our    Automatic    Spur  Gear  Cutting   Machines  exceed    in    power    and 
capacity  and  equal  in  accurac-y  any  machines  of  their  type  made. 
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GEAR 

CUTTING 

MACHINES 


MACHINE  SHOP  EQUIPMENT 


SHAPING 
MACHINES 


THE    CINCINNATI    SHAPP.ll    CO. 

CINCINNATI,  O. 
We   manufacture   the   most  complete  line  of  Shapers  made,   includinf;^ 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


TAPS 
DIES 


F.  A.  ERRINGTON 

41  C0RT1.ANDT  St.  new  YORK 

Auto-Reverse  Tapping;:  Chucks;  Drilling,  Tapping  and  Stud-Setting 
Attachments.  Positive,  Friction,  Interchangeable  Tap-Holders.  Auto- 
Opening  Dies;  Auto-Close  Taps. 


AUTOMATIC 

TURNING 

LATHE 


FAY  MACHINE  TOOL  CO. 

^ND  AND  Glenwood  Ave.  PHILADELPHIA,  PA. 

Fay  Automatic  Turning  Lathes  are  the  best  for  turning  duplicate  parts. 
Accuracy  and  rapid  production  guaranteed.  One  man  runs  4  to  6  ma- 
chines.    Ask  for  bulletin. 


GEAR 
SHAPERS 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


NOISELESS" 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  Mith  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


MILLING 
MACHINES 


THE  INGERSOLL  MILLING  MACHINE  CO. 

ROCKFORD,  ILL. 

Milling  Machines  have  been  our  exclusive  specialty  for  over  23  years.  All  sizes 
from  20  in.  wide  up  to  any  width  with  every  combination  of  spindles.  Heavy  or  Light 
Work.  Our  new  Combined  Horizontal  and  Vertical  Spindle  Knee  Type  Machine  just 
out. 


TURRET 
LATHE 


INTERNATIONAL  MACHINE  TOOL  CO. 

INDIANAPOLIS,  IND. 

The  "Libby"  Full  Swing  Carriage  Turret  Latho  has  full  swing-over  carriage; 
rapid  power  traverse  for  both  carriages;  geared  lieadstock,  quick  change  feed  gears 
and  speeds;  indicator  for  position  of  cutters;  automatic  feed  trip  otfs;  very  coarse 
feeds;  very  fine  feeds;  case  of  changing  from  belt  to  motor  drive. 


TURRET 
LATHES 


JONES  k  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 
Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 


for  both  bar  and  chuck  work. 
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MACHINE  SHOP  EQUIPMENT 


THE  11.  K.  LE  in.OND  ^[ACHINE  TOOE  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  eoniplote  line  of  Heavy  Duty  Lathes  aiui  Milling;  Maeliines. 
Tliey  are  seientitieally  desi^rned,  so  the  power  is  limited  only  l)y  the  stronfrth  of  the 
euttiufr  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


LATHES 

MILLING 

MACHINES 


MANNING,  INIAXWELL  &  INIOOKE,    Txc. 

SINGKH  BUILDING,  NEW  YORK 
Are  the  larffest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
manj'  branches  of  machine  tool  building  in  the  United  States. 


MACHINE 
TOOLS 


MORSE   TWIST   DRILL   c^   MACHINE   CO. 

NEW  BEDFORD,  MASS.,  U.  S.  A. 
Makers   of  Drills,    Reamers,    Cutters,    Chucks,    Taps,    Dies,    Arbors, 
Counterbores,  Countersinks,  Gauges,    Machines,    Mandrels,    Mills,    Screw 
Plates,  Sleeves,  Sockets,  Taper  Pins  and  Wrenches. 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 

Sensitive  Drills,  I  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen- 
tering and  Tapping  Machines.  All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 

We  build  a  complete  line  of  Bolt  and  Nut  Machinery,  including  Bolt  Cutters 
(threaders).  Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 


DRILLS 

REAMERS 

CHUCKS 

TAPS  i  DIES 

ETC. 


DRILLS 

CRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


BOLT  AND 

NUT 

MACHINERY 


NEWARK  GEAR  CUTTING  MACHINE  CO. 

66  UNION  STREET,  NEWARK,  N.  J. 
Our   Automatic    Gear    Cutting    Machines    are  recommended  by  their 
users  for  accuracy  and  rapid  construction.     Write  for  circulars  describing 
improved  features  and  patented  construction. 


GEAR 
CUTTING 
MACHINE 


NIAGARA  MACHINE  AND  TOOL  WORKS  i  sheet 

BUFFALO,  N.  Y.                                                  !  METAL 

,  „  WORKING 

Mfr"s  of  Presses  of  various  types  and  capacities.  Squaring  and  Rotary  i  MACHINERY 

Shears,  Punches,  Forming  Rolls,  Tinsmiths"  tools  and  machines,  etc. 


NILES-EEMENT-POND  CO. 

Ill  Broadway  NEW  YORK 

Metal  Working  Machine  Tools,  all  kinds  and  sizes.     Niles  Cranes,  2  to 
200  tons  capacity. 
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MACHINE 
TOOLS 
CRANES 


A.   O.   QUINT 

VERTICAL  HARTFOKU,  CONN. 

TU  R RE  T 

Quint  Vertical  Turret  Machines  for  machining  holes  in  automobile  parts, 

"^"   IM  ES      engines,  pumps,  valves,  injectors,  lubricators,  brass  fittings,  agricultural  im- 
plements, jig  drilling  or  any  large  or  irregular  pieces  that  cannot  be  rotated. 


BOLTS 

AND 
NUTS 


RT^SSELL.   BT^mSALL  k  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


CHUCKS 


THE  SKINNER  CHUCK  CO. 

New  Yokk  City,  94  Reade  St.  New  Britain,  Conn.,  96  N.  Stanley  St. 

Manufacturers  of  Lathe,  Drill  and  Planer  Chucks,  Face  Plate  Jaws, 
Drill  Press  Vises  and  Reamer  Stands.  We  are  glad  to  quote  on  special 
Chucks.     Write  us  for  our  1909  Price  List,  illustrating  our  complete  line. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


PRECISION 
BENCH 
LATHES 


AYALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing-  8",  will  take  i"  rod  through  tlie  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  stjindard.  It  is  a  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


TURRET 
LATHES 


THE  WARNER  k  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

W^e  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  recjuest. 


DRILL 

GRINDERS 

SPEED 

LATHES 

SENSITIVE 

DRILLS 
DRAWING 
STANDS 


THE  WASHBI'RN  SHOPS 

OK    THK    WORCESTER    POLYTECHNIC    INSIITCTE 

WORCESTER,  MASS. 
Worcester    Drill  Grinders  and    Drawing  Stands;  Washburn  Sensitive 
Drills  and  Speed  Lathes. 


PAPERS 

ON 

GAS  ENGINES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.  E. 

NO. -'-'(1.  Varous  Types  Gas  Engines:  Babcock,  price  $.40;  No.  .s  1.5.  Efficiency  Tests 
of  125  li.p.  Gas  Engine:  Robertson,  price  $.30;  No.  895.  EflRciency  Tests  of  125  h.p.  Gas 
Kiiifine:  Robertson,  price  $.40;  No.  879.  Gas  Engine  Design:  Sargent,  price  $.30;  No.  1202. 
Efficiencies  of  Gas  and  Oil  Engines:  Marks,  price  $.10. 
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MAtiMINE    SHOP   EGiUIPMtlMT 


TOOL 
STEEL 


CHUCKS 


THK  1).  E.  AVHITON  MACHINE  CO. 

NKW  LONDON,    CONN.  CENTERING 

Whiton  Geared  Scroll  Combination  Chucks  have  the  special  (jualities  of      MACHINES 
the  Whiton  Geared  Scroll  and  Independent  Jaw  Chucks.     Whiton  Revolv- 
ing Centering  Machine  is  designed  for  accurately  centering  finished  shafts. 


AVTEEY  &  IIUSSEEE   MFG.   CO. 

GREENFIELD,  MASS. 

Manufacturers  of  the  well-knoM-n  Liglitning  "Macliine  Relieved"  Taps,  Green 
River  and  Lightning  Screw  Plates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers:  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


SCREW  PLATES, 
TAPS, 
REAMERS, 
BOLTCUTTERS 


AIR  COMPRESSORS  AND  PNEUMATIC  TOOLS 


THE   BLATSDELL   MACHINERY   CO. 

BRADFORD,  PA. 
NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


Air 
Compressors 


CLEVELAND  PNEUMATIC  TOOL  CO. 

CLEVELAND,  O. 
We  make  the  most  powerful,  reliable,  durable,  economical  Hammers 
built.      Twenty-two  styles  and  sizes  of  Riveters;  18  styles  and  sizes  of  Chip-  ' 
pers;  10  styles  and  sizes  of  Drills.     Tools  shipped  on  approval  at  our  expense.  ' 


AIR  TOOLS 
HAMMERS 
RIVETERS 
CHIPPERS 
DRILLS 


THOS.   H.  DALLETT  CO. 

York  and  -iSnn  St.  PHILADELPHIA,  PA. 

Our  Compressors  are  exceptionalh  massive  and  ritrid  in  dcsitcn:  liave  liberal 
bearing  surfaces:  all  working  parts  are  readily  accessible:  have  special  intake  and  dis- 
charge valves.  .\re  particularly  adapted  for  hiffli class  installations.  Capacities  from 
80  cu.  ft.  per  minute  up  to  1200  cu.  ft.      Write  for  catalogue. 


AIR 

Compressors 


THE  LAIDLAW-DUNN-GORDON  CO. 

11.5  BuoADw.i^Y,  Nf:W  YORK  Works:  CINCINNATI,  OHIO 

Air  Compressors,  Elevator  Pumps,  Cross  Compound  Pumping  Engines. 


Al  R 
compressors 

ELEVATOR 
PUMPS 

PUMPING 
ENGINES 
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STEAM   ENGINES  AND   BOILERS 


WATER    TUBE 
BOILERS 


ENGINES 


ALMY  AVATER  TUBE  BOILER  CO. 

rUOVIDEXCE,   R.  I. 

Manufacturers  of  Alniy  I'ati-iit  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  tire  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stiitionary  work. 


AMERICAN    ENGINE   CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  Angle  Compound  Engines.  Angle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


STEAM 
ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 
STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  .50  to  6000  h.  p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  AYORKS 

ERIE,  PA, 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.     Feed- Water  Heaters  from  2.5  to  600  h.p. 


STEAM 
ENGINES 


WATER 

TUBE 

BOILERS 


HARRISBURG  FOUNDRY  cS.^   MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Eleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  30  to  600  H.  P.,  will  materially  reduce  power  plant  expense. 
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STEAM   ENGINES  AND    BOILERS 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of   Hamilton  Corliss   Enj^ines,   Hamilton  High  Speed 
Corliss    Engines,    Hamilton    Holzwarth    Steam   Turbines,    Special    Heavy 
Castings. 


ENGINES 
TURBINES 
CASTINGS 


MURRAY    IRON    WORKS    CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 


Boiler. 


ENGINES 
BOILERS 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  L 
Rice   &    Sargent   Higher   Speed   Corliss   Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


RIDGWAY  DYNAMO   AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


ENGINES 
GENERATORS 


ROBB-MUMFORD    BOILER   CO. 


131  State  St.,  BOSTON 


SOUTH  FRAMINGHAM,  MASS. 


90  West  St.,  NEW  YORK 


Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers ;  Smoke  Stacks,  Tanks,  etc. 


BOILERS 


ROBT.    WETHERILL  &  CO.,   Inc. 

CHESTER,  PA. 
Manufacturers  of   Corliss  Engines  and  Boilers.     Special    Heavy  Ma- 
chinery-Plate Metal  Work. 


CORLISS 
ENGINES 
BOILERS 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss   Engines,    Air   and    Gas   Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,  Rolling  Mill  Engines,  "Complete  Expansion" 
Gas  Engines. 


ENGINES 

Air 
Compressors 


PAPERS  FROM  TRANSACTIONS    OF  A.  S.   M.   E. 

No. -291.  Surface  Condensers:  J.  M.  Whithani,  price  .S.  10;  No.  ,334..  An 
Evaporative  Surfoce  Condenser:  J.  II.  Fitts,  price.'?.  10;  No.  ()98.  A  Self- 
Cooling  Condenser:  Ralberger,  pric-e  -S.iO;  No.  107-2.  Condensers  for  vSleam 
Turbines,  price  S.20. 
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PAPERS 

ON 

CONDENSERS 


GAS  ENGINES  AND  GAS   PRODUCERS 


GAS  ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


GAS  ENGINES 

AND 

PRODUCERS 


JAMES  BEGGS  &  CO. 

109  Liberty  St.  NEW  YORK 

Manufacturers  of  Foos  Producer  Gas  Engines  for  Water  Works,  Elec- 
tric Light  and  Power  Plants  of  all  kinds;  Vertical  Multiple  Cylinder  Engines, 
20  to  250  h.  p. ;  Horizontal  Single  Cylinder  Engines,  2  to  90  h.  p. 


GAS 
ENGINES 


GAS 
PRODUCERS 


THE  BRUCE-MACBETH    ENGINE   CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
CLEVELAND,  (). 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      15  to  300  H.   P.      Economy,   reliability    and   simplicity  unex- 
celled. 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  gas,  gasoline  or  producer  gas.     Speed,   gas,   air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 


GAS  POWER  COMPANY 

4  Rector  Stkket,  ^^^^  YORK 

Straight  Carbon  Monoxide  Gas  Producers.  Sole  licensees  for  use  of 
exhaust  as  diluent.  Builders  and  contractors  for  complete  factory  and 
waterworks  equipment. 


GAS 

ENGINES 

GAS  POWER 

PLANTS 


OIL 
ENGINES 


GAS   ENGINES 

AND 

PRODUCERS 


THE    JACOBSON    ENGINE    COMPANY 

CHESTER,  PA. 
Builders  of  high-grade  Automatic  Scavenging  Gas  Engines  ( Jacobson's 
Patent).      Contractors  for  complete  Producer  Gas  Power  Plants  guaranteed 
as  a  unit.  


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
198-13H  MoTT  St.,  N^W  YORK 

Oil  Engines,    Marine  and  Stationary,  i-200  h.  p.      Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 
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GAS  ENGINES  AND  GAS  PRODUCERS 


POWER   AXD    ISITXTNG    MACHINERY  CO. 

^''■'■^  ^'^''-  CUDAHY,  WIS. 

>Ianufacturers  of  Loomis-Pettilxme  Gas  Producers,  the  most  successful 
bitununoiK  coal  producer,  of  McCuUy  Rock  Crushers,  Mining,  Smeltintr 
Copper  Converting  and  Cement  Making  Machinery 


RIVERSIDE  ENGINE  COMPANY 

OIL  CITY,  PA. 
Riverside  Heavy  Duty  Gas  Engines  give  steam  engine  service.     Built 
in  twelve  types  and  seventy-two  different  sizes  from  10  to  2500  h.  p. 


ROOT   &    VAN  DERVOORT   ENGINEERING    CO. 

EAST  MOLINE,  ILL. 

Manufacturers   of  Gas  and  Gasoline  Engines  in  medium  sizes.     Our 
specialty :  Engines  of  from  ->i  to  -2.5  h.  p. 


STRUTHERS-AVELLS  COMPANY 

WARREN,  PA. 

,..•0.1^^*"^"  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 

?vnf  .      v'^'^'^^'t^-K'^'r^  regulation,  positive  lubrication,  positive  circulation  of  cooling 

bl      ■"""     between  combustion  chamber  and  water  jackets.     All  valve  cages 


THE  SUPERIOR  (;AS  ENGINE  CO. 

SPRINGFIELD,  OHIO. 
Superior  Tandem  Engines,  100  to  200  H.  P.     Single  Cylinder  Engines, 
5  to  100  H.  P.     Will  operate  economically  on  natural,  artificial  or  producer 
gas,  gasoline  or  distillate.      All  Engines  carry  a  "20  to  25%  over  load. 


GAS 
PRODUCERS 

MINING 
SMELTING 
CRUSHING 

CEMENT 
MACHINERY 


GAS 
ENGINES 


GAS  AND 
GASOLINE 
ENGINES 


GAS     ENGINES 

AND 

PRODUCERS 


GAS 
ENGINES 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


ALBANY  STEAM  TRAP  COMPANY 

ALBANY,  NEW  YORK 
Albany  Steam  Traps  are  the  result  of  thirty-five  years  specializing  in 
the  production  of  Steam  Traps.    Owners  and  engineers  of  Steam  Plants  are 
requested  to  write  for  data  concerning  the  Steam  Bucket  Return  Trap. 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssurejuid  Recording  Gauges,  Enfrine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Kolief  Valves  for  stationary,  marine  and  loco- 
motion ''^''"  •^■ne'-ican  Thompson  Improved  Indicator  with  new  improved  detent 
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STEAM 
TRAPS 


VALVES 

GAUGES 

INDICATORS 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


VALVES 
GAGES 


THE  ASHTON  YALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valv  es,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gages.      All  of  a  superior  quality  and 

guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfactioa. 


WATER 
SOFTENERS 


L.   M.   BOOTH  COMPANY 

NEW  YORK  CHICAGO 

Booth  Water  Softeners  are  automatic  machines,  using  lime  and  soda  for 
removal  of  incrusting,  corrosive,  or  otherwise  deleterious  substances,  from 
water,  for  all  purposes.     Send  for  free  booklet  "Hard  Water  Made  Soft.*" 


INJECTOR 
CONDENSORS 


HENRY  W.   EULKLEY 

ORANGE,  N.  J. 

The  Bulkley  Injector  Condensor  is  guaranteed  to  form  the  best  vacuum 
by  head  of  water  or  by  supply  puiii]).  In  general  use  on  all  classes  of 
engines. 


VALVES 


CHAPMAN  YALYE  MANUFACTURING  CO. 

SPRINGFIELD,  MASS. 

Open  Hearth  Annealed  Cast  Steel  Gate  and  Globe  Valves  for  high  pressures  and 
superheat.  Automatic  Non-return  Steam  Check  Valves.  Blow-otf  Valves.  Hot  G:is 
Valves  for  Blast  Furnaces.     Write  for  our  1909  Catalogue. 


STEAM 
APPLIANCES 


CROSBY  STEAM  GAGE  AND  YALYE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves: 
Gases  for  all  purposes;  Recording  Instruments;  Chime  Whistler:  Si^ht  feed  Lubrica- 
tors: Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instnnnents;  Planimeters  and  other  specialties. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


DEARBORN  DRUG  k  CHEMICAL  WORKS 

General  Offices  and   Laboratories:    Postal  Telegraph  Bldg.,   CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troid)lcs  causi-il  from  boiler  waters. 


LUBRICATORS 


DETROIT  LUBRICATOR  COMPANY 

DETROIT,  MICH. 

"Detroit"  Sight-Feed  Lubricators  are  made  in  4.)1  different  styles,  to 
fill  any  requirement,  and  are  simple  and  dependable. 


GRAPHITE 
PRODUCTS 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 
Miners,  ini{)orters  and  manufacturers  of  Graphite,   Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 
Products  of  all  kinds. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


TTTE  ENGINEER  COMPANY 

50  CHUUCH  ST.  NEW  YOHK,   \.   Y. 

Kcoiioniy  and  iiUTcasfd  capacity  obtained  by  the  npbuildiiif;-  of  fur- 
nace efficiency  when  operating  with  the  Balanced  Draft  System.  (Trade 
Mark  "Balanced"  Refj;.  U.  S.  Pat.  Office.) 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


GOLDEN-ANDERSON  A'AEVE  SPECIALTY  CO. 


103.?  FiLTOx   Bi.no. 


PITTSBURG,  PA. 


Valves:  Non-Keturn,  Stop  and  {'lieck,  Boiler  .Stop.  Holler  Koetl  Cheek,  Redueiiitf. 
Coiitrolliii};  Altitude,  Aiitomatie  Float.  Globe  and  An;jle,  Holler  Blow-Ort'.  anil  Auto- 
matic. Balanced  Plug  Cooks.  Steam  Traps.  Automatic  Water  and  Locomotive  Steam 
Gauges.     Keed  W'ater  lie^ulators. 


VALVES 

GAUGES 

FEED-WATER 

REGULATORS 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Hack  Pressure  and  Relief  Valve. 
Pump  Regulators.  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


THE  KENNEDY   \  ALVE  MANUFACTURING  CO. 

ELMIRA,  X.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 


JOHN 

T. 

LINDSTROM 

214 

S.  Third  St. 

ALLENTOWN, 

PA. 

Manufacturer  of  Lindstrom's 

Corliss  Valve  Steam  Trap, 

Steam  Separa- 

tors 

,  Boiler  Separators. 

McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The    McCord    Spring    Dampener.      The    McCord   Journal    Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


THE  MASON  REGULATOR  CO. 

BOSTON,  MASS. 
Manufacturers  of  Reducing  Valves,  Damper  Regulators,  Automobile 
Engines,    Pump    Governors,    Pressure    Regulators,    Balanced    and    Lever 
Valves. 
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SEPARATORS 
STEAM 
TRAPS 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


VALVES 

STEAM 

SPECIALTIES 


POWER    PLANT  AUXILIARIES   AND  SPECIALTIES 


FLEXIBLE 
JOINTS 


MORAN  FLEXIBLE  STEAM  JOINT  CO. 

115  N.  3d  St.  LOUISVILLE,  KY. 

All  Metal  Flexible  Joints,  for  steam,  air,   gas   and   liquid.     Universal 


brass  ball  unions  and  distillers'   brass 
barrels,  barrels  and  casks  or  drums. 


?oods.     Automatic   Fillers   for  half 


STEAM 
TRAPS 


MOREHEAD    MANUFACTITRING 

DETROIT,  MICH. 


CO. 


Return,  Non- Return  muiI  Vjicuum  Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
is  the  original  dosifrn  of  IIUdiii  trap,  having  been  on  the  market  for  a  quarter  of  a  cen 
tury.  For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  catalog-  sent  on  request. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 


STEAM 

SEPARATORS 

TRAPS 


AV.   H.   NICHOLSON  e^  COMPANY 

WILKES-BARRE,  PA. 

The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.  It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Ejectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sig-ht- 
Feed  Lubricators  for  locomotive  and  stationary  service.  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


METALLIC 
TUBING 


PENNSYLVANIA  FLEXIBLE  METALLIC  TUBING  CO. 
PHILADELPHIA,  PA. 

Our  Metallic  Tubing  is  made  in  all  sizes  from  |"  to  12"  of  copper  or 
galvanized  steel  tape  rolled  into  spiral  form  in  one  continuous  length.  Used 
for  high  pressures  and  all  liquids,  compressed  air,  steam,  gases,  oils,  etc. 


WHITE  STAR  THE  WILLIAM  POWELL  CO. 

VALVES  CINCINNATI,  OHIO 

GLOBE.    GATE  "White  Star"  Globe,  Gate,  Angle  and  Check  Valves,  with  the  revers- 

ANGLE,  CHECK      ible-regrindable-rcnewable  discs;  three  valves  in  one  at  the  price  of  one; 
1  two  grades,  for  200  lb.  and  300  lb.  working  pressures. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER  PLANT  SPECIALTY  COMPANY 

lr2o  MoNADNOCK  Blk.,  CHICAGO,  ILL.  )^ 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Eeed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,   Pressure  and  Gravity   Eilters.      Correspondence  solicited. 
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POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


JOHN  SIMMONS  COMPANY 

ilO  Ckntkk  St.  new  YORK 

The  Uotlu'liild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


WALCH   &    WYETH 

CHICAGO,  ILL. 

The  Erwood  Straifrhtway  Swing-Gate  Valve  is  invaluable  as  a  safety  gate  on  ex- 
hausts of  engines,  pumps,  liammers,  elevators  and  air  eoni pressors,  also  as  a  non-return  on 
boilers,  between  cylinder  and  condenser,  cylinder  and  heater  and  as  a  combined  check 
and  sate. 


VALVES 


WHEELER  CONDENSER  &  ENGINEERING  CO. 

Maix  Office  and  Works:     CARTERET,  N.  J. 

Builders  of  Wheeler  Surface.  Jet  and  Barometric  Condensers,  Wheeler- Vol/,  Com- 
bined Surface  Condensers  and  Feed  Water  Heaters,  Wheeler  Feed  Water  Heaters, 
Barnard-Wheeler  Cooling  Towers.  Wheeler-Kdwards  Air  I'umps.  Wheeler  Centrifugal 
I'unips.  Wheeler  Rotative  Dry  Vacuum  I'umps  and  Wheeler  Multiple  EfJect  and  Evap- 
orating Machinery. 


CONDENSERS 
FEED-WATER 
HEATERS 
COOLING 

TOWERS 


C.  H.  WHEELER  MFG.  CO. 


NEW  YORK 


PHILADELPHIA,  PA. 

CHICAGO 


SAN  FRANCISCO 


Manufacturers  of  Hif^h   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


A.    B.    WILLOUGHBY 

The  Bourse  PHILADELPHIA,  PA. 

Willoughby's  Patent  Improved  Shaking  Grates  and  Furnaces;  Alter- 
nating Rotary  Shaking  Grates  for  fire  engines  and  all  boilers  with  circu- 
lar fire  boxes. 


SHAKING 
GRATES 


FOUNDRY   EQUIPMENT 


HANNA  ENGINEEKINC 


AVORKS 

CHICAGO,  ILL. 


2065  Elstox  Ave., 

Manufacturers  of  Hanna  Pneumatic  Yoke  Riveters,  Plain  Toggle  Riveters,  Hydro- 
Pneumatic  Riveters,  Pneumatic  Punches,  Screen  Shakers,  Revolving  Dumping  Riddles, 
Radial  Reamers.  Mold  Dryers,  Titus  Stoping  Drills,  Rathbone  Multiple  Molding 
Machines,  etc. 


RIVETERS 

SAND  SIFTERS 

MOLDING 

MACHINES 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 
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FOUNDRY 

PLANT 

EQUIPMENT 


PUMPS  AND    HYDRAULIC  TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  I'uinpintr  Machinerv. 
The  valve  motion  is  designed  for  efficient  and  reliahU'  service,  which,  coniliiiieil  witli 
low  maintenance  i-ost,  shoukl  appeal  to  engineers  who  desire  to  reduce  their  operating 
expenses.     Literature  upon  request. 


TURBINE 
PUMPS 


ATLANTIC  HYDRAULIC  MACHINERY  CO.,   Inc. 
PHILADELPHIA,  PA. 

Our  Turbine  Pumps  are  light,  comparatively  low  priced,  constructed 
according  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly. 


MARINE    PUMPS 
POWER    PUMPS 


FEED    WATER 
HEATERS 


THE  GEO.  F. 

115  Broadway,  NEW  YORK 


BLAKE  MFG.  CO. 

Works:  EAST  CAMBRIDGE,  MASS. 


Marine   Pumps,    Feed   Water    Heaters,    Steam  and    Power    Purapinj. 
Machinery  for  general  service. 


VENTURI 
METERS 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Venturi  Meters  measure  cold  water,  liot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.  Usual  sizes  from  2"  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


PUMPS 
CONDENSERS 


M.   T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassaxt  St.  Boston :  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 
densers. 


POWER  PUMPS 
STEAM  PUMPS 


THE  DEANE  STEAM  PUMP  CO. 

115  Broadway,  NEW  YORK  Works:  HOLYOKE,  MASS. 

Power  Pumping-  Machinery,  General  Service  Steam  Pumps. 


MINING 
PUMPS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  f5  to  even  50^  in  first 
cost  determine  your  selection? 
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PUMPS  AND   HYDRAULIC  TURBINES 


HOLVOKK  ISIACHTNE  COMrAXV 

HOLYOKE.  MASS.  WOHCESTKK,  MASS. 

WatiT  WIk'cIs  with  Conne<-ti()ns  .iiiil  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing-,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


THE  JEANESVIELE  IRON  WORKS  CO. 

HAZELTON,  PA. 

Builders  of  High-grade  Pumping  Machinery  Direct-acting,  Fly-wheel, 
and  Centrifugal  for  elevator,  mine  and  waterworks  service. 


WATER 
WHEELS 


PUMPING 
MACHINERY 


KXOWLES  STEAM  PUMP  WORKS 

11.5  BROAmvAY,  NEW  YORK         Works:  EAST  CAMBRIDGE,  MASS. 

Mine  Pumping  Machinery,  Vacuum  Pumps,  Underwriter  Fire  Pumps 
and  Power  Pumps. 


MINE    PUMPS 

FIRE  PUMPS 

POWER  PUMPS 


THE   JOHN    H.    McGOWAN   CO. 

CINCINNATI,  OHIO 
Builders  of  all  types  of  Duplex,  Direct  Acting,  Water  Works  Pumping 
Engines;  Boiler  Feed,  General,  Low  and  special  service  Pumps,  Single  Du- 
plex and  Rotative  types.  Noiseless  Back  Pressure  Valves  and  other  specialties. 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


NYE  STEAM  PUMP  AND  MACHINERY  CO. 

70  W.  Washington  St.  CHICAGO,  ILL. 

Manufacturers  of  the  Geo.  E.  Nye  Improved  Steam  Pump  for  raising 
water  and  for  any  kind  of  manufacturing  or  fire  purpose. 


PUMPING 

ENGINES 

PUMPS 

VALVES 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


STEAM 
PUMPS 


WILLIAM  E.   QUIMBY,   INC. 

548-30  West  '23d  St.  NEW  YORK 

Manufacturers  of  the  Quimby  Screw  Pump  and  Quimby  Electric 
Sump  Pump.  Also  General  Machinists,  Shops  equipped  with  large  and 
accurate  tools. 


RISDON-ALCOTT  TURBINE  CO. 

MT.  HOLLY,  N.  J. 

Manufacturers  of  Risdon  Cylinder  Gate  Turbine,  Risdon  Register  Gate 
Turbine,  Alcott  High  Duty  Turbine,  Leviathan  Hinged  Gate  Turbine. 
Successors  to  T.  H.  Risdon  &  Co.,  and  T.  C.  Alcott  &  Son. 


PUMPS 


TURBINES 
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PUMPS  AND   HYDRAULIC  TURBINES 


TURBINE 
WATER 
WHEELS 


PUMPING 
ENGINES 

PRESSURE 
PUMPS 

GAS 
ENGINES 


PUMPS 

CONDENSERS 

WATER 

METERS 

WATER  WORKS 

PUMPING 

ENGINES 


S.  MORGAN  SMITH  CO. 

YORK,  PA. 

Manuftutuit'is  of  Turbiiu-  Water  Wheels,  Cylinder  and  Wicket  Gate, 
suitable  for  operating  all  kinds  of  inaehinery.  We  design  and  build  Tur- 
bines to  meet  specific  requirements. 


THE  SNOAV  STEAM  PUMP  WORKS 

11,5  Broadway,  NEW  YORK  Works:  BUFFALO,  N.  Y. 

Water  Works  Pumping  Engines,  Oil  Line  Pressure  Pumps,   Gas  Engines. 


HENRY  R.   WORTHINGTON 

llo  BuoADWAY,  NEW  YORK  Works:  HARRISON,  N.  J. 

Steam  Pumping  Machinery  for  every  service.     Jet,  Surface  and  Bar- 
ometric Condensers.     Water  Meters  and  Water  Works  Pumping  Engines. 


BLOWERS,   FANS,   DRYERS,   ETC. 


BLOWERS 

FANS 

EXHAUSTERS 


DRYERS 


EXETER   MACHINE   WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 


RUGGLES  COLES  ENGINEERING  CO. 

Old  Colony  Bldg.,  CHICAGO  Htmsox  Teujiixal,   NEW  YORK 

Dryers.      Direct  heat,  Indirect  heat,  and  .Steam  Dryers  for  all  kinds  of 
materials. 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


B.  F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under    all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


TURBINE 

BLOWER 

SYSTEM    OF 

MECHANICAL 

DRAFT 


L.   J.   AVING  MF(4.   CO. 

!)()  Wkst  St.  NEW  YORK 

Wing's  Turbine  Blower  system  of    Mechanical    Draft    is   the    modern 

method  of  burning  cheap  fuel  and  increasing  boiler  capacity.     Draft  always 

the  same;  uniform  steam  pressure;  requires  no  floor  space;  easily  installed. 
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HOISTING  AND  CONVEYING   MACHINERY 


HOISTING  AND  CONVEYING   MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANXE,  OHIO 

Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


THE  ALVEY-FERGUSON  CO. 

577  Hudson  Terminal  Bids.,  NEW  YORK       Main  office  and  factory,  LOUISVILLE,  KY. 
Manufacturers  of  A-F  Gravity  Conveyors,  A-F  Power  Conveyors,  A-F 


Belt  Conveyors,  etc. 
ments. 


Conveyors  of  every  description  to  suit  all  require- 


ALP^RED  BOX  .^  COMPANY 

PHILADELPHIA,    PA. 
Builders  of  Box's  Double  Screw    Chain   Hoists,   Trolley    Hoists   and 
Electric  Hoists;  Jib  and  Traveling  Cranes,  Electric  or  Hand  Power,  up  to 
100  tons  capacity. 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


CONVEYORS 


HOISTS 
CRANES 


H.   W.   CALDWELL  &  SON  CO. 

I 7th  Street  axd  Westerx  A^e.  CHICAGO,  ILL. 

Conveyors :  helicold  screw,  link  belt,  wire  cable,  troughed  belt,  platform. 

Elevators:  link   belt,  flat  belt  and  bucket,  package,  steel  elevator  casings. 

Power  Transmission:  shafting  and  fittings,  gears,  pulleys  and  band  wheels. 


THE  CHISHOLM  &  MOORE  MFG.   CO. 

Lakeside  Ave.  axd  E.  49th  St.  CLEVELAND,  O. 

Makers  of  Chain  Hoists,  I  Beam  Trolleys,  Railway  Track  Appliances, 
Malleable  Iron  Castings. 


CONVEYORS 
ELEVATORS 

POWER 
TRANSMISSION 


CASTINGS 

CHAIN  HOISTS 

TROLLEYS 


THE  CLEVELAND  CRANE  Sc  ENGINEERING  CO. 

WICKLIFFE,  OHIO 
Designers   and    manufacturers   of  all    kinds    of  Cranes. 


CRANES 


DARLEY  ENGINEERING  COMPANY 

Singer  Building,  NEW  YORK 

Our  Suction  Convej'or  is  the  best  yet  devised  for  handling  Ashes.  It 
is  dustless,  noiseless  and  efficient.  It  is  also  a  first-class  Conveyor  for 
handling  other  of  the  lighter  materials. 


SUCTION 
CONVEYORS 
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HOISTING  AND  CONVEYING   MACHINERY 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage,  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  Locomotive-Coaling  Stations,  Hoisting 
Towers.  Direct  Unloaders.  Car  Dumpers,  Steel  and  Concrete  Structures 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators,   Hoisting-    Machines,   Friction  Winding  Drums,   Friction    Clutches 
and  Friction  Clutch  Pulleys. 


ELECTRIC 

LIFTING 

MAGNETS 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


ELECTRIC    CONTROLLER   &   MFG.    CO. 

CLEVELAND,  OHIO 

Electric  Lifting  Magnets,  Electric  Motor  Starters,  Controllers,  Brakes, 
Flexible  Couplings,  Solenoids,  Electric  Arc  Welders. 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery ;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


WIRE  ROPE 

Aeri alWire  Rope 

TRAMWAYS 


New  York 


A.   LESCHEN  &  SONS  ROPE  CO. 

ST.  LOUIS,  MO. 


Denver 


Seattle 


Chicago 

Producing  Wire  Rope  of  qualities  and  constructions  adapted  to  every  condition 
of  wire  rope  service,  including  the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  Constructions.  Systems  of  Aerial  Wire  Rope  Tramways  for  the 
economical  transportation  of  any  material. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LIDGERAYOOD  MFG.   CO. 

96  LiBKRTY  St.  new  YORK 

Hoisting  Engines— steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.   Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


ELEVATORS 

AND 
CONVEYORS 


ELEVATING 

CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators   and    Conveyors  for  every  purpose;    ail  accessories;    Power 
Transmission  Machinery. 


LINK  CHAIN  BELT  CO. 


52  Dey  St. 


NEW  YORK 


Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery;  Ele- 
vator and  Belt  Conveyor  Appliances:  Mill  and  Milling  Supplies  and  Elevator  Buckets; 
Standard  Si)iral  Conveyors;  Silent  Cliain  Drives  and  all  Standard  Chain  Belts.  Makers 
of  the  Clouser  Detachable  Higli  Speed  Link  Chain  Belt. 
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HOISTING  AND  CONVEYING   MACHINERY 


THE   MORGAN    ENGINEERING    CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.     We 
also   design  and  build  Steel  Plants  complete,   Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


CRANES 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 

We  make  Cranes  of  all  types  up  to  1,50  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service. 


CRANES 
HOISTS 


THE   OHIO    ELEVATOR  &   MACHINE  CO. 

COLUMBUS,  O. 
High  class  Elevators  for  every  service.     Electric,  Hydraulic,  Belt  and 
Hand   Power,   and   Freight   Elevators.     Estimates   and  preliminary   plans 
furnished  on  request. 


ELEVATORS 


ROBINS  NEW  CONVEYOR  COMPANY 


NEW  YORK,  72  Front  St. 
Thos.  Robins,  President 


CHICAGO,  Old  Colony  Building 
C.  Kemble  Baldwin,  Chief  Engineer 


Belt  Conveyors,  Robins    genuine    Balata  Belting,   Robins    Laminated  Leather 
Belting,  Robins  New  Conveyor  Belts  of  Rubber  and  Balata. 


BELT 
CONVEYORS 

CONVEYOR 
BELTS 

BALATA 
BELTING 


JOHN  A.  ROEBLING  S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


WIRE   ROPE 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


CRANES 
CONTROLLERS 


STROUDSBURG  ENGINE  CO. 

STROUDSBURG,  PA. 
Builders  of  High-Grade  Hoisting  Engines  and   Electric  Hoists,   Im- 
Ijroved    Contractors'    and   Mine  Hoisting  Engines,    Excavating,   Dredging, 
Pile  Driving  and  Logging  Engines,  Quarry  Hoisting  Engines. 


ELECTRIC 

HOISTS 
HOISTING 
ENGINES 


WEBSTER  MFG.   CO. 

i410-iJ43i  W.  15th  St.,  CHICAGO,  ILL.  Eastern  Branch:  88-90  Readc  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 
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ELEVATING 
CONVEYING 

Power 

transmitting 

machinery 


HOISTING  AND  CONVEYING   MACHINERY 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


THE   YALE   k   TOWNE   MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  I  to  20  tons;  Electric 
Hoist  in  10  sizes,  ^  to  16  tons. 


POWER  TRANSMISSION 


PULLEYS 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    liO  stocks  carried  in  the  United  States. 


FRICTION 
CLUTCH 


THE  CARLYLE  JOHNSON  MACHINE  CO. 

MANCHESTER,  CONN. 
The  Johnson  Friction  Clutch  for  feed  and  speed  changes  on  Machine 
Tools  is  the  most  compact  Clutch  on  the  market  for  the  power  it  will  trans- 
mit.    Our  catalog  "G"  should  be  on  every  machine  tool  designer's  desk. 


CHAIN 
DRIVE 


DIAMOND  CHAIN  &  MANUFACTURING  CO. 

259  West  Georc.ia  St.  INDIANAPOLIS,   IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


POWER 
TRANSMISSION 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything    for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


FRICTION 
CLUTCHES 


CORK   INSERT 

FRICTION 
SURFACES 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,    OHIO. 
The  Hill  Friction  Clutch  will  pick  up  and  start  a  greater  load  in  pro- 
portion to  its  rated  carrying  capacity  than  any  other  type  of  Clutch.     Al- 
most universally  used  in  cement  mills,  paper  mills,  smelters,  steel  plants, 
and  other  industries  where  service  is  severe. 


NATIONAL  BRAKE  cV  CLUTCH  COMPANY 

16  State  Street,  BOSTON,   MASS. 


We  license  others  to  niaTnir.ictiui'.  use 
Hrakes.  They  increase  cfR^'iciicy  50  to  l(t()% 
machinery  cluti'lies  and  in  motor,  shafting 
plilets  sliowing  fifty  ;ip|)lications. 


or  sell  Cork  Insert  Pulleys.  Clutches  and 
and  are  used  in  automobile,  shafting  and 
and   machinery  pulleys.    Send   for  pam- 
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POWER  TRANSMISSION 


ONEIDA  STKFJ.  PUI.LEV  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufiieturers  of  Pulleys  in  tlie  world.  Our  Steel  Pulleys 
range  from  (i  to  Hi"  diameter,  A  to  40"  face,  and  fit  any  size  shaft  from  1 
to  8V".     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 


POOLE  EXCaXEERIXC;  .^  MACHINE  CO. 

WOODRERRY,  BALTIMORE,  MD. 

Manufarturer.s  and  Desigrner.s  of  all  kiiuls  of  Heavy  Machinery,  requirinfr  flr.st- 
c-las.s  \vorkmanship  and  materials.  Band,  Hope,  and  Fly  Wheel.s,  Friction  Clutches, 
Shafting:,  Pulleys  and  Hansers.  Machine  Molded  and  Planed  Gearing:.  Poole-LetTel 
Turbine  Water-Wlieels.     White  Lead  and  Oil  Machinery. 


POWE  R 

Transmission 
Water  Wheels 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 


Friction 
Transmission 


ELECTRICAL  APPARATUS 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


RELIANCE  ELECTRIC  &  ENGINEERINCx  CO 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Shop  Drives.  We  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Lincoln 
Variable  Speed  Motor.     Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


ELECTRIC 
MOTORS 


SIEMENS-SCHUCKERTWERKE  G.  m.  b.  H. 

50  Church  St.  NEW  YORK 

High  Class  Electrical  Generators  and  Motors,  Electrical  Hoists  and 
Electric  Drives,  Electrical  Mining  Machinery,  Electrical  Apparatus  for  all 
purposes. 


ELECTRICAL 
APPARATUS 


AVAGNER  ELECTRIC  MFG.   COMPANY 

ST.  LOUIS,  MO. 

Producers  of  the  commercially  successful  Sin}<le-phase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liberally  (lesigned  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portiiblo  instruments  ottered  to-day. 


DYNAMOS 
MOTORS 

Transform  ehs 
Instrum  ents 


ENGINEERING   MISCELLANY 


ENGINEERING  MISCELLANY 


AIR 

Con  ditioning 


CARRIER  AIR  CONDITIONING  CO. 

39  CORTLANDT  St.  NEW  YORK 

The  Carrier  Air  Washer  and  Humidifier  is  a  simple  and  positive  system 
of  Air  Conditioning,  induding  washing,  purifying,  humidifying,  dehumid- 
ifying,  coohng,  tempering. 


UNIVERSAL 

CAST   IRON 

PIPE 


BALL 
BEARINGS 


CENTRAL  FOUNDRY  COMPANY 

37   Wai.i.  St.  new  YORK 

Universal  Cast  Iron  Pipe  is  permanently  unequaled  for  gas,  water,  air 
or  steam  lines.      See  descriptive  advertisement  on  page  No.  23. 


L- 


CHAPMAN    BALL    BEARING    CO. 

40  Bristol  St.  BOSTON,  MASS. 

Chapman  Double  Ball  Bearings  eliminate  line  shaft  friction  and  there- 
May  be  applied  to  special  machines  of  all  descriptions  as 
Send  for  catalog. 


fore  save  power. 

well.     Lubrication  reduced  to  a  minimum 


ICE  AND 

REFRIGERATING 

MACHINERY 


FRICK  COMPANY 

WAYNESBORO,  PA. 

Manufacturers  and  builders  of  "Eclipse"  Ice-making  and  Refrigerating 
Machinery.  Complete  e(iuipments  for  ice  factories,  cold  storage  houses, 
breweries,  packing  houses,  hotels,  etc.     Red  book  "M'*  on  request. 


ROLLER 
BEARINGS 


HYATT  ROLLER  BEARING  CO. 

NEWARK,  N.  J.  DETROIT,  MICH. 

Makers  of  Better  Bearings  in  stamiard  sizes   for   every  wheel  or   shaft 

which  turns,  consisting  of  hollow,  helical  coils  which  are  rigid  but  flexible,  do 

not  overheat,  save  oil,  and  reduce  fric-tion  from  40  to  6.5  {)er  cent.     Write. 


HIGH 

PRESSURE 

PIPING 

RADIAL  BRICK 

CHIMNEYS 


THE  M.  W.   KELLOGG  CO. 

50  Church  St.  NEW  YORK 

Design,  manufacture  and  install  all  types  of  High  Pressure  Piping. 
Welded  Flanges,  Van  Stone  Flanges  and  Welded  Nozzles  a  specialty. 
Manufacturers  of  Radial  Brick  Chimneys. 


PAPERS 

ON 

POWER 

TRANSMISSION 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.    M.   R. 

No.  58,5.  Power  Losses  in  Transmission  Machinery  of  Central  Stations: 
Aklrich,  price  $.20;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  $.10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.20;  Paper  on  Belting:  C.  G.  Barth,  price  $.30. 
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